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Overview 
Fenites are country rocks in which quartz is replaced 

by alkali pyroxene, amphibole and/or alkali feldspar, 

usually found around carbonatite complexes. They 

form as magmatic fluids rich in alkalis penetrate the 

country rocks, precipitating new minerals and 

dissolving others. Studies on fenite around carbonatite 

show that the fluids transport commercially significant 

elements such as rare earths and high field strength 

elements (HFSE) Zr, Nb and Hf (Dowman 2014). 
 

The aim of the project is to determine what fenites can 

tell us how nature mobilises and transports high value, 

critical HFSE. Such data provide insights into how 

deposits in these valuable elements form not just in and 

around alkaline rocks, but in all crustal environments. 

 

 
Figure 1: View over Igdlerfigssalik Mountain from the SW 

(1750 m). The area comprises nested syenite variants of 

Gardar age emplaced into older syenites in the distance 

and supracrustals (mostly sandstone) in the foreground. 

 
Figure 2: Cross-bedding in sandstone adjacent to the 

Igdlerfigssalik complex picked out by alkali pyroxene and 

amphibole from fenitising fluids exiting the centre. Fenite in 

the envelope is obvious, but trace element and isotopic 

studies are required to determine more subtle changes 

within the centre and in earlier syenites. 

 
The Gardar Province in Southern Greenland is one of 

the best exposed continental rift provinces in the 

world, an exceptional location in which to understand 

magmatic and subsolidus processes associated with 

rifting and magmatism. U-Pb dating has shown that it 

formed in two episodes at ~1.28 Ga and ~1.17 Ga 

(Upton et al. 2003 and unpubl data). Around Gardar, 

nepheline syenites are altered rocks that comply with 

the definition of fenite, despite this being an 

unconventional setting for fenite formation.  
 

The present project will study fenites formed the 

central complexes of the Gardar Province, particularly 

focussing on the Igdlerfigssalik Complex, Southern 

Greenland (Fig. 1). We will explore the contrasting 

expression of fenitising fluids as they penetrated 
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different the rock types (quartzite, granite and syenite) 

that form the envelope to the intrusion (Fig. 2). We will 

also identify isotopic and trace element evidence for 

the action of the fluid within the syenites of 

Igdlerfigssalik itself (Finch 1990) and in pre-existing 

syenites of the South Qôroq centre (indicated by high 

F contents in mica, Finch 1995, Finch et al. 1995). The 

project will infer mechanisms for mobility in rare earths 

and lanthanides by exploring the redistribution of these 

elements in pyroxene, amphibole and from micro-

precipitates of new REE- and HFSE-rich minerals. If field 

budgets permit, we will consider a second field season 

around another Gardar centre, and fenites from 

elsewhere in the Gardar are available in existing 

collections. 
 

The project will contribute to fundamental information 

about how high value, immobile elements are mobilised 

in and around alkaline igneous complexes. The project 

will utilise this exceptional natural laboratory, but its 

implications go far further, providing insights into rare 

element mobility and the formation of high field 

strength element deposits throughout the crust. The 

project will link into research within the SoS RARE and 

HiTech AlkCarb consortia. 

 
Methodology 
The project comprises fieldwork, petrology and 

geochemistry leading on to U-Pb, Sm-Nd and Lu-Hf 

isotope systematics (e.g. McCreath et al. 2012, 2013). 

Lu-Hf and Sm-Nd isotope systematics will be explored 

to determine whether evidence can be gleaned for 

isotopic opening of these isotope systems. Crustal 

assimilation will be examined using Pb-Pb isotopic 

studies. 

 

The project will include training in the field, whole-rock 

geochemistry by XRF, mineral chemistry by EPMA and 

mineral trace element geochemistry by LA-ICPMS. The 

will precede isotope studies, providing a firm 

background to understand and interpret the isotope 

data. The isotope systematics will be performed in the 

new state-of-the-art isotope suites recently established 

at St Andrews. All training in these methods will be 

provided. 

 
Timeline 
Summer 2017 Fieldwork in Greenland focussing on 

the Igdlerfigssalik Intrusion. 

2017-2018 Petrology and bulk geochemistry 

Summer 2018 Possibly 2nd field season  

2018-2019 Analysis of second season samples, plus 

U-Pb, Rb-Sr and Sm-Nd systematics of fenites from 

other Gardar centres 

2019-2020 Comparisons of data with existing data 

for fenites around carbonatite and other key Gardar 

centres.  

End 2020 Submission of thesis for PhD 

 
Training & Skills 
The project will include one, maybe two, field seasons 

in Southern Greenland. The applicant needs to be 

physically fit and unfazed by difficult conditions. 

Training in arctic geology will be provided by the 

supervisory team. The candidate will receive training in 

the field, in petrology and petrogenesis, and mineral 

and isotope geochemistry of alkaline rocks and 

minerals. This will include XRF, EPMA, LA-ICPMS 

(trace elements) and MC-LA-ICPMS (isotopes). The 

supervisory team includes experts in alkaline rocks 

(Finch) and magma chamber processes in both evolved 

(Humphreys) and ore-forming (Cloutier) systems.  
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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 
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