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Overview 
 
The Paleoproterozoic era was a time of dramatic 

change in the Earth system, marked by a number of 

distinct tectonic, climatic, and geochemical events. 

These included: 1) three major global glaciations; 2) 

the first substantial increase in atmospheric oxygen 

concentrations (the Great Oxidation Event, GOE); 3) 

the largest carbon isotope excursion in Earth history, 

thought to represent the burial of vast quantities of 

organic carbon (the LE); and 4) the first globally 

significant deposition of phosphorites and P-rich 

sedimentary rocks (Fig. 1). 

 

 

 

 

These events would have had major implications for 

(and experienced feedbacks from) biogeochemical 

cycling of nutrients during this time period, although 

these connections are underexplored. In particular, 

the role of nutrients in stimulating primary 

productivity and organic carbon burial during the LE is 

not well understood, nor is the cause of the biological 

stasis that dominated much of the following “boring 

billion” years. Similarly, nutrient feedbacks and drivers 

for phosphorite deposition remain poorly 

constrained. 

This project will test linkages 

between nutrient cycling and 

Earth system dynamics during 

this critical period in Earth 

history, by generating high-

resolution records of 15N in a 

unique suite of Late 

Paleoproterozoic rocks. The 

samples are taken from 

drillcores through the ~2.0 Ga 

Zaonega Formation (Fig. 2). 

These rocks are a famous 

example of “shungite”, an 

extremely Corg-rich lithology 

Fig. 1.  Major events in Paleoproterozoic Earth 

history. The Great Oxidation Event is illustrated 

by the disappearance of S-MIF at ~2.32 Ga, and 

associated with a massive organic carbon burial 

event during the Lomagundi-Jatuli Event (LE). 

Figure 2. Core from the NGU-

Estonia-Russia drilling project 

through the Zaonega Fm, 

illustrating the lithologic 

character of P-rich horizons 

(courtesy of project partner 

A. Lepland, NGU). 
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deposited immediately after the LE, and contain 

abundant phosphorites. Previous work has suggested 

that these phosphorites could have formed via the 

activity of S-oxidizing denitrifying bacteria (Lepland et 

al., 2014) but this proposal remains untested. High-

resolution N isotope records from 4 drillcores will be 

compared with existing geochemical records of redox 

and micro-nutrient availability (e.g., Fe speciation, 

98Mo, phosphorite occurrence), to address the 

following questions: 

 

(1) What were the dynamics and spatial structure 

of the N cycle during the Late 

Paleoproterozoic? 

(2) Did a decrease in marine Mo concentrations 

after the GOE cause a crash in the global N 

cycle, contributing to biological stasis during 

the boring billion? 

(3) What was the (direct or indirect) role of N 

cycling in the extensive P deposition that 

characterized this time period? 

 

This project will determine how microbial ecosystems 

and environmental conditions co-evolved in the 

aftermath of the Great Oxidation Event, with a focus 

on one of the key biogeochemical pathways of the 

Earth system, the global nitrogen cycle. 

 
Methodology 
 

High-resolution sample sets from 4 drillcores spanning 

the Zaonega Formation within the Paleoproterozoic 

Onega Basin have already been collected – two from 

Fennoscandian Russia (FAR-DEEP cores 12AB and 

13A), and two recently drilled in Estonia (OnZap1 and 

2). Nitrogen isotope ratios will be examined in bulk 

rock, mineral separates, and kerogen extracts, 

prepared at the University of St Andrews using well-

established protocols. The 15N analyses will be 

performed at SUERC, using a new nano-EA-IRMS 

technique specially designed for the analysis of 

samples with a low abundance of N (e.g., Polissar et 

al., 2009). Kerogen isolates will be analysed for C/H/N 

ratios by collaborators at UC Santa Barbara, to 

examine evidence for post-depositional thermal 

alteration.  
 

Depending on the student’s interests, additional 

opportunities would exist within the DEES 

Geobiology group for the project to expand to 

include geomicrobiology (e.g., calibration of 15N 

fractionation factors for microbial N reactions), 

and/or numerical modelling (e.g., utilizing or improving 

existing N cycling models for interpreting 15N trends 

in Precambrian sediments). 

 

Timeline 
 

Year 1: Literature review, sample prep, and initial 

analyses.  

Year 2: Analysis of samples from OnZap cores and 

FAR-DEEP core 12AB; paper on involvement of N 

cycling in Paleoproterozoic phosphogenesis. 

Years 3: Analysis of samples from FAR-DEEP core 

13A; paper on Mo limitation of N cycling in the early 

Proterozoic. 

Year 4: Synthesis paper on Paleoproterozoic N cycling 

across the Onega Basin; final thesis. 

 
Training & Skills 
 

The student will be housed in the Department of 

Earth and Environmental Sciences at the University of 

St Andrews, where research interests focus around 

Earth system evolution and environmental change.  

  

The project will involve substantial laboratory work 

and geochemical analyses, and hence the student will 

gain considerable theoretical and experimental 

training in a wide variety of state-of-the-art 

geochemical techniques, as well as quantitative skills in 

interpreting geochemical data. The student will join 

the NERC-funded Geobiology group (led by Dr 

Zerkle) that is focused on understanding feedbacks 

between the geosphere and biosphere over Earth 

history. Both Dr Zerkle and Dr Stüeken have 

substantial experience in applying 15N analyses to 

understanding the evolution of the biogeochemical N 

cycling over Earth history (e.g., Stüeken et al., 2016), 

and Dr Newton has recently developed a nano-EA-

IRMS system for measuring low abundance 15N at 

SUERC. 

 

The student will additionally be trained in 

transferrable skills such as critical thinking, oral and 

written science communication, through manuscript 

preparation and presentation of work at scientific 

conferences and outreach events. 
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Further Information 
 

For further information, contact Dr Aubrey Zerkle, 

az29@st-andrews.ac.uk. 

 

  




