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Overview 
 

Phosphorus (P) is a key element for life and, along 

with carbon and nitrogen, creates the structural 

framework of critical biomolecules including nucleic 

acids (DNA and RNA) and proteins. P in the form of 

phosphate is one of the rate-limiting nutrients for 

marine and terrestrial primary production, and has an 

important function as an energy carrier in ATP. Hence 

the phosphorous cycle is closely connected to the 

environmental cycles of other biologically important 

elements, such as carbon, nitrogen, oxygen, sulfur, and 

iron, over geologic timescales.  

 

The Palaeoproterozoic Era (2.5–1.6 Ga) encompasses 

the first appearance of globally significant 

phosphorites and P-rich sedimentary rocks (Fig. 1). 

These deposits roughly coincide with a period of 

extreme change in the Earth system, marked by a 

number of distinct tectonic, climatic, and geochemical 

events, including the first substantial increase in 

atmospheric oxygen concentrations to above trace 

levels (the Great Oxidation Event, GOE) and several 

major perturbations in the global carbon cycle. 

Appearance of the first worldwide phosphorite 

deposits during this time has long been linked to 

Earth's surface oxygenation, but the mechanism of 

phosphate precipitation and specific triggers remain 

poorly understood.  

Figure 1. Occurrences of Palaeoproterozoic P-rich rocks 

(from Lepland et al., 2013). 

 

Recent models have called upon a link between P 

deposition and the biogeochemical sulfur cycle, 

through the activity of sulfide oxidizing bacteria in 

concentrating P at the redox interface of marine 

sediments (Lepland et al., 2014), and/or possibly in 

association with changes in the size of the marine 
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sulfate reservoir (Reuschel et al., 2012; Scott et al., 

2014). However, these hypotheses are largely based 

on circumstantial or indirect evidence, because the 

primary geochemical signals are often overprinted by 

(1) chemical or biological fraction mechanisms, and (2) 

diagenetic or weathering alteration. Quadruple sulfur 

isotope data, which can provide important insights 

into diagenetic and biogeochemical S-cycling 

processes, could help to resolve this puzzle.  

 

This project offers a unique opportunity to directly 

study the links between sulfur cycling and phosphorite 

formation in the oldest known (~2 Ga) globally 

significant phosphorite deposits, from the Zaonega 

Formation of the Karelia region of NW Russia. The 

project will focus on well-preserved samples from 

recently obtained drill cores from a joint NGU-

Estonia-Russia project (Fig. 2). These unique cores 

contain fresh, un-weathered phosphorous-rich rocks 

recovered from some of the most well-preserved 

Palaeoproterozoic successions in the world. In 

particular, the student will employ quadruple sulfur 

isotope analyses on sulfate extracted from these 

cores (as carbonate associated sulfate and phosphate 

associated sulfate) to test hypotheses about the 

marine sulfate reservoir and the involvement of 

various sulfur cycling processes on phosphorite 

deposition. This research will run in tandem with, and 

benefit from, a second PhD project that is currently 

examining quadruple sulfur isotopes on reduced S 

phases (acid volatile sulfur-AVS, chromium reducible 

sulfur-CRS, and carbon-bonded organic-S) and their 

distribution with respect to putative microbialite 

structures.  

 

 

 

 

 

 

 

 

 
 

 

 
 

Figure 2. Example of a core 

from the NGU-Estonia-Russia 

drilling project, illustrating the 

lithologic character or P-rich 

horizons (courtesy of A. 

Lepland). 

 

 

In P-enriched systems, phosphorus adsorbs 

immediately onto various mineral surfaces, particularly 

iron oxides, as a result of periodic oxidation-

reduction cycles. Therefore, the speciation of P differs 

under oxic versus anoxic deposition, suggesting 

different degrees of purity of iron, iron sulfide, and 

iron oxyhydroxide phases could control the mobility 

and availability of phosphorus. In the present study, 

we will additionally investigate the Fe speciation 

phases within phosphorite crusts using Mössbauer 

spectroscopy to gain a precise understanding of the 

phosphate speciation and of the mineral phases 

phosphate is associated with.  

 

The main goals of this project are as follows: 

*To construct a quadruple sulfur isotope dataset for 

sulfate (preserved as carbonate-associated sulfate and 

phosphate-associated sulfate) in sediments deposited 

before, during, and after Paleoproterozoic phosphogenesis. 

 

*To utilize this dataset, along with coevally measured 

reduced sulfur phases, to estimate the range of sulfate 

concentrations and the biogeochemical sulfur metabolisms 

involved in phosphorite deposition. 

 

*To incorporate these data and additional redox 

constraints (e.g., Mössbauer) into a model linking the 

biogeochemical cycling of P, S, and Fe during phosphorite 

formation in the Zaonega basin. 

 
Methodology 

The student will be based in the Department of Earth 

and Environmental Sciences at the University of St 

Andrews. Ancient phosphorite drill core materials – 

currently housed at the Norwegian Geologic 

Institute – will first be microscopically and 

geochemically characterised at the University of St 

Andrews using XRD/XRF. Subsamples will then be 

treated with a series of acid reagents to desulfurised 

CAS and PAS via a distillation reduction technique to 

convert desired S -compounds to hydrogen sulfide gas. 

This is carried out by adding all the mixed reagents, 

including the solvent, the analyte, and the reducing 

reagent (if any) to a reaction flask and heating the 

mixture under reflux to slowly release high boiling H2S, 

and capturing the gas as ZnS or Ag2S before final 

isotopic analysis as SF6 using ThermoFinnigan MAT 253 

at St. Andrews. The S-isotope composition of purified 

SF6 will be measured in dual inlet mode using an isotope 

ratio mass spectrometer with four collectors arranged 

to measure the intensity of SF5+ ion beams at m/z values 

of 127, 128, 129, and 131 (32SF5+, 33SF5+, 34SF5+, and 
36SF5+) (e.g., Oduro et al., 2013). Iron speciation 

measurements of both biological and chemical Fe-P 

systems in oxic and suboxic conditions will be carried 

out at the University of Stirling using Mössbauer 

spectroscopy.  

Timeline 
Year 1: Microscopic and geochemical characterisation 

of drill core samples and extraction of CAS and 

PAS.  



  

Year 2: Isotopic analyses of extracted CAS and PAS 

samples, publication of paper 1, and international 

geochemistry conference (Goldschmidt). 

Year 3: Mössbauer analyses of iron, phosphate, and 

sulfur speciation in targeted samples. Publication of 

paper 2.  

Year 4: Final Research Dissertation and further 

papers. 

 
Training & Skills 
The student will be trained in various cutting-edge 

geochemical techniques, including extraction of CAS 

and PAS, sulfur compound distillation using Thode, 

and Raney nickel reduction, multiple sulfur isotope 

analyses via fluorination and isotope ratio mass 

spectrometry, and Mössbauer spectroscopy. 

 

This training will also involve evaluation, 

interpretation and presentation of the resulting data. 

As a member of the Earth Sciences group at the 

University of St Andrews, the student will experience 

a very active scientific culture, including weekly data 

presentation and discussion, and regular geochemistry 

seminars. As a part of the Karelia project, the student 

will participate in and benefit from an international 

research group focused on Paleoproterozoic 

phosphogenesis. When in Stirling, the student will be 

working within Biological and Environmental Sciences 

and be embedded in the Biogeochemical Cycling 

group. The student will have the opportunity to 

present results at national & international workshops 

and conferences, and to participate in local graduate 

workshops. Finally, the student will be assisted in 

preparing scientific manuscripts to be published in 

international peer-reviewed journals. 
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