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Overview 
 

Phosphorus (P) and nitrogen (N) are essential 

nutrients that limit primary productivity in large parts 

of the world’s ocean, and have thus a major influence 

on the sequestration of atmospheric CO2 by marine 

phytoplankton. Coral reefs (both in shallow, warm 

and cold, deep waters) are ecosystems that are 

strongly affected by varying availability of P and N, as 

they only thrive under specific nutritious conditions 

(Fig. 1) (Burke et al., 2011). Understanding the factors 

that control coral reef growth and demise is crucial 

due to the enormous biodiversity of reefs and their 

importance to the global carbon cycle via the 

precipitation of biogenic carbonate (Milliman, 1993). 

Only a few studies have addressed the biogeochemical 

cycles of both P and N, their impact on coral reef 

ecosystems, and their fate during sediment burial. 

These studies have shown, however, that coral reef 

deposits are not only important long-term P and N 

sinks (Monbet et al., 2007; Furnas et al., 2011), but 

can also serve as archives of past nutrient conditions 

in the water masses they grew in (Mallela et al., 2013). 

In this project, we will analyse P speciation and N 

isotopes in different coral reef deposits back to ~3 

million years BP, differentiating between the nutrient 

records archived in the coral thallii, inter-coral 

sediments/microbialites, and specific diagenetic 

horizons. This will build on promising pilot data 

generated during an MSc project (Fig. 2). 

 
Fig. 1: Distribution of cold- and warm-water coral reefs in 

the ocean (Burke et al., 2011). 

 

Sequential P extraction is an established technique at 

Newcastle University that separates P bound to 

primary and secondary phases (Ruttenberg, 2003) in 

order to distinguish water column from diagenetic 

signals. Reconstructing the marine N cycle is based on 
15N/14N isotope ratios (∂15N) of organic matter and 

adsorbed ammonium, informing about availability and 

utilisation of N species in the water. Equipment and 

expertise for extraction of N phases exist at the 

University of St Andrews. Studying both coral thallii 

and the associated sediments will enable us to 

differentiate water mass P and N signatures from 

diagenetic signals. This will close a gap in our 

understanding of the marine P & N cycles, and will 

evaluate coral thallii as archives of past sea water 

chemistry. A parallel PhD project at St Andrews (led 



  

by Dr Allison) will grow tropical corals at different P 

and N levels to “ground-truth” the relationship 

between P & N contents/speciation/isotopes in the 

corals and in the ambient water masses. 

 
 

Fig. 2: P fraction (in corals & fine sediment) and aragonite 

contents in Porcupine coral mounds vs sediment depth 

(Giampouras, 2014, MSc thesis, Newcastle University). 

 

 

Samples for this project will be requested from the 

International Ocean Discovery Program (IODP) and 

were recovered during Expeditions 307 (Modern 

Carbonate Mounds: Porcupine Drilling), 310 (Tahiti 

Sea Level) and 325 (Great Barrier Reef). They 

comprise drill cores penetrating cold-water and 

tropical coral reef deposits covering the last ~3 

million years and ~20,000 years, respectively. The 

tropical reef sediments will allow us to reconstruct P 

and N availability, cycling and burial since the Last 

Glacial Maximum, while cold water coral deposits will 

provide records reaching back into the Late Pliocene. 

Existing core descriptions, age models and recent 

publications provide a paleoceanographic framework 

that our detailed P and N will be based upon.  

 

The main issues addressed by this project are: 

 

*Reconstructing nutrient (N, P) availability, 

cycling & burial from warm- and cold-water 

coral reef deposits 

 

*Separating water column from diagenetic 

signals by analysing coral thallii and associated 

sediments 

 

*Relating nutrient records to global climate 

patterns (Plio-Pleistocene transition, glacial-

interglacial cycles) 

 
Methodology 
 

*Select and request IODP sample material 

*Separate coral thallii from “background” material 

*Analyse all sample fractions by  

   - XRF (major and minor element contents) 

   - Sequential P extraction and analysis (primary vs. 

diagenetic P fractions) 

   - Organic N, ammonium and possible carbonate-

associated nitrate extraction and ∂15N analysis 

 

Timeline 
Year 1: Literature survey, sample preparation, XRF 

analysis (Oldenburg), P extraction (Newcastle), N 

extraction (St Andrews), conference  

Year 2: Manuscript (P in coral thallii, chapter 1), N 

isotope analysis (St Andrews) 

Year 3/4: Manuscripts (P/N diagenesis, chapters II and 

III), international conference, manuscript (comparing 

warm- and cold-water reefs, chapter IV), submit thesis  

 
Training & Skills 
 

The student will be trained in various geochemical 

techniques, including sequential P extraction, N phase 

extraction and ∂15N analysis, spectrophotometry, C/N 

analysis, ICP-OES and IR-MS. This training will also 

involve evaluation, interpretation and presentation of 

the gathered data. As a member of the Geoscience 

group at Newcastle University, the student will 

experience a very active scientific culture, including 

weekly data presentation and discussion, and a 

fortnightly Seminar Series. The student will present 

results at national & international workshops and 

conferences, and will be an active member of the 

IODP community that will provide samples, data, and 

scope for collaboration beyond IAPETUS. Finally, the 

student will be assisted in preparing scientific 

manuscripts to be published in international peer-

reviewed journals. 
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