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Abstract 

The Faroe islands CFB province is underlain by continental crust (Gariépy et al., 

1983; Richardson et al., 1998), but access to this succession is severely limited simply 

due to the thickness of the basalts being in the order of 6 km (Passey and Bell, 2007).   

Therefore, we would like to gain access to the sedimentary rocks uncovered during 

Leg 152, Site 917, as these may be closely related to some of the lithologies 

underlaying the Faroese basalts. This will allow us to circumvent this problem by 

constructing ‘virtual bore holes’ into the sub-basalt lithology, employing in-situ 

isotope approaches, geochemical analyses and petrological HP-HT experiments.  

Magmas traversing the Earth’s crust to finally erupt at the surface will provide a 

record of the country rock it interacted with along the way. We will investigate partial 

melting behaviour and products of the country rocks, and compare this with 

geochemical signatures in the overlying volcanic rocks, enabling us to model crustal 

assimilation processes. This will be coupled with mineral-melt based geobarometers 

(Putirka, 2008) and existing seismic surveys (Richardson et al., 1998), to enable us 

not only to define the compositional character of the continental crust, but also 

approximate at what depths these are located, thereby allowing the construction of a 

lithostratigraphy of the continental crust underlying the flood basalt sequence of the 

Faroes.  

This will have applications for e.g. petroleum exploration, with the possibility of 

identifying reservoir rocks hidden beneath the basalt, which has the potential for a 

massive impact on the economy of the region.  

 

Background 

It has long been realised that the composition of magmas change as they ascend 

through the lithosphere in response to differentiation processes such as crustal 

contamination, crystal fractionation and mixing of magmas. The eventual magmatic 
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rock analysed actually represent an accumulation of physio-chemical influences 

integrated over the time from original source to final solidification. Furthermore, the 

components that now constitute the rock – the various crystal phases and any residual 

glass or groundmass (liquid) – may not even share a common history. The crystals in 

particular may have formed at different times and places before being mechanically 

aggregated into a magma and eventually forming a solid rock. Recognising that the 

crystalline components within the rock preserve individual records of differentiation, 

we can apply modern geochemical analytical techniques to unravel a magma’s 

integrated differentiation history (e.g. Chadwick et al., 2007; Charlier et al., 2008; 

Font et al., 2008; Troll et al., 2008). This not only gives us a means of accounting for 

the effects of differentiation and constraining the nature of the original source, but 

also allows us to quantify the mechanisms of differentiation and magma-crust 

interaction. 

 

Geological setting 

On a regional scale, volcanic rifted margins like Vøring and the Faroe-Shetland basin 

are major tectonic features of northern Europe and Scandinavia. However, these 

margins are submarine, and covered by a blanket of recent sediments. Our knowledge 

of these areas is therefore restricted to seismic studies, and the only real petrological 

information comes from drill cores of limited depth. The rocks of the Faroe Islands 

and the British and Irish Palaeogene Igneous Province provide an onshore analogue to 

areas such as the Vøring plateau (e.g. Meyer et al., 2009). In the Faroes, the influence 

of crustal rocks on the basalts can be studied by detailed petrology and geochemistry, 

within the context of well-constrained field relationships (e.g. Waagstein, 1988; 

Larsen et al., 1999; Passey and Bell, 2007). Crustal contamination has previously 

been identified in Faroese basaltic rocks (Gariepy et al., 1983; Holm et al., 2001), but 

was mainly considered an obstacle in elucidating mantle melting processes (e.g. 

Gariepy et al., 1983; Holm et al., 2001). The proposed study will provide targeted 

information on crustal interaction that can be tied back to field relations but 

concievably also to deeper crustal features identified in seismic sections (e.g. Bott et 

al. 1974; Richardson et al., 1998). The existing deep seismic profiling would thus be 

complemented with compositional information that will help subsequent modelling 

for research and exploration. 
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Work program and methodologies  

 

A comprehensive set of rocks from the Faroes flood basalts is already available for 

analysis, and will be added to during a field trip in June 2011. However, in order to 

successfully model the crustal assimilation processes, we also need a handle on the 

sedimentary sequence underlying the basalts. However, these rocks are covered by 

several kilometres of basalts and are in principle inaccessible. Therefore, we have to 

circumvent this problem by sampling related rocks from more accessible locations. 

For this purpose we’ve acquired a suite of gneisses and sedimentary rocks from the 

mainland Scotland and Greenland that is thought to represent the pre-rift crust from 

before the opening of the North Atlantic (Larsen et al., 1999). Also, our industry 

collaborators have supplied us with a limited set of whole rock powders from 

boreholes in the continental shelf outside the Faroe islands. However, this collection 

is nowhere near complete and we are convinced that we need more samples order to 

achieve a realistic suite of rocks representing the sub-basalt succession. Therefore it 

would be of vital importance to the project to gain access to the sedimentary 

succession underlying the basalts on the seawards dipping reflector sequences 

(SDRS) southeast of Greenland, uncovered during Leg 152, Site 917 (Larsen et al., 

1994). This would yield a much more extensive and spatially associated set of 

possible crustal components representing the bedrock prior to the rifting and eruption 

of the Faroe basalts, and thus the likely endmember compositions that can be 

expected to have interacted with the magmas as they traversed the crust.   

The Faroese basalts will be subjected to an array of geochemical analyses 

including a) major, minor and trace elements in bulk rock and minerals (XRF and 

EMP), b) REE elements in bulk rocks (ICPMS), c) in-situ 
87

Sr/
86

Sr in plagioclase 

(Microdrill), d) Pb isotopes (TIMS) and e) δ
18

O in plagioclase separates (conventional 

silicate line). These analyses will yield vital information with excellent spatial 

resolution on crustal contamination processes, as well as mineral and rock 

compositions  

The sedimentary rocks will be subjected to a sequence of HP-HT experiments 

followed by in-situ analyses of major and minor elements (EMP) and radiogenic 

isotope (Micromill and LA-ICPMS) in order to eludicate partial melting behaviour, 

thereby providing endmember compositions for modelling of crustal contamination.  
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This dataset, will enable us to perform multi-parameter modelling of crustal 

contamination, which coupled with geobarometric calculations (Putirka 2008) will 

allow us to constrain composition and vertical location of the contaminant(s).   

This qualitative and quantitative modelling of crustal contamination processes 

in the Faroes flood basalts will enable us to substantially refine current knowledge of 

crustal architecture beneath the Faroe Islands, knowledge that otherwise would only 

be available through exceedingly costly drilling of >5 km kilometres of basalt just to 

reach the top of the underlying crust.  

 

Budget 

 

To cover a series of different PT-X conditions, we propose to perform approximately 

20 HP-HT experiments using the sedimentary rocks acquired from the drill cores 

from Leg 152, Site 917. The cost per experiment, including consumables and 

laboratory fees is 100 €, bringing the total cost to 2000 € 

 

 

Description Total cost 

Experimental petrology, HP-HT experiments. 20 samples, 100 €/sample 2000 € 

 

 

Schedule 

 

After receiving the samples, we will need approximately 2 months for the initial thin 

section preparation and petrological description. The experiments will be carried out 

at the ‘Istituto Nazionale di Geofisica e Vulcanologia’ (INGV), Rome. Preparation of 

material for experiments and experimental procedures will take approximately 6 

months. After this, another 4-6 months will be required for analysis of the 

experimental results, followed by conference presentations and manuscript 

preparations. 
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