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Sammanfattning 
Spåra ursprunget av metasedimentära bergarter från Färö-Shetland bassängen 
Sarah Eriksson 

Regionen kring Färö-Shetland bassängen har blivit utsatt för en lång historia av 
tektoniska orogeneser och extensioner vilket har lett till geologisk komplexitet i 
området. Metasediment täcker stora delar av bassängen, men ursprunget av dessa 
avsättningar är ännu inte helt fastställt. Grönland, Skottland och Norge är några av 
de föreslagna ursprungsområdena till de sedimentära avsättningarna. För att 
fördjupa förståelsen kring dessa metasediment och deras regionala relationer till 
andra platser, så fokuserar denna studie på att jämföra och klassificera 
metasediment från Färö-Shetland bassängen. Geokemisk, petrologisk och isotopdata 
kommer användas för klassifikation, medan isotopdata huvudsakligen kommer att 
ligga till grund för jämförelsen av troliga sedimentära källor. Genom denna jämförelse 
så har det blivit tydligt att metasedimenten från Färö-Shetland bassängen innehåller 
spår från flertalet olika områden och avsättningarna kan inte enbart förklaras utifrån 
ett ursprungsområde. Detta framgår genom isotopförhållandena 143Nd/144Nd , 87Sr/86Sr 

and 206Pb/204Pb , 207Pb/204Pb, 208Pb/204Pb, vilka hittats i Färö-Shetland bassängen i 
jämförelse med andra möjliga källor från Grönland, Skottland och Norge. Detta 
påvisar en komplex metasedimentär sekvens, en sekvens efter den komplexa 
tektoniska historian. 

Nyckelord: Färö-Shetland bassängen, isotopkorrelation, metasediment, geokemisk 
analys.  
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Abstract 
Tracing the Origin of Metasedimentary Rocks in the Faroe-Shetland Basin 
Sarah Eriksson 

The Faroe-Shetland region has been exposed to a long history of tectonic events and 
the geology in the area is rather complex. This history has led to the formation large 
metasedimentary deposits, though the origin of these deposits is not yet fully 
understood. Possible source areas are Greenland, Norway and Scotland. To give a 
further understanding of the geology in the Faroe-Shetland basin and its regional 
relationship this study will analyze metasediments to classify them and compare 
them with other related sediments. Geochemical, petrographical and isotopic data will 
be for classification. Through this comparison it is evident that the metasediments 
from the Faroe-Shetland basin contain remnants from several different deposits and 
cannot be rated to one specific origin. This is shown by the 143Nd/144Nd , 87Sr/86Sr and 
206Pb/204Pb , 207Pb/204Pb, 208Pb/204Pb isotope ratios found in the Faroe-Shetland basin 
compared with other possible source areas from Greenland, Norway and Scotland. 
This has shown that the isotope from the Faroe region correlate well with Caledonian 
traces from both Greenland and Scotland. Though the Torridonian sandstone from 
Scotland can also be correlated with the metasediments in the Faroe-Shetland basin.  

Keywords: Faroe-Shetland basin, Isotope correlation, metasediments, element 
analysis.  
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1. Introduction 

The aim of this study is to classify the metasedimentary rocks found in the Faroe-
Shetland basin and compare them with possible sedimentary sources. The 
classification will be performed by geochemical and petrological analysis. 
Furthermore substantial studies of different isotope ratios will be used to compare the 
Faroe-Shetland basin samples with samples from Scotland, Greenland and Norway. 
    The Faroe-Shetland basin is located in the northern Atlantic and contains vast 
remanents of metasedimentary rocks. The origin and sedimentary source of these 
metasediments are not fully understood, though several possible sources have been 
documented (Thrane et al., 2015). Understanding of the evolution and sedimentary 
origin in the Faroe-Shetland basin is of high relevance not only to reconstruct 
historical events, but also to understand the porosity and accumulation of 
metasediments. This is especially of interest in the hydrocarbon industry. 
Hydrocarbon exploration has been a large economical contributor in the area since 
the discovery of the Clair and Victory fields in the late 1970s (Rippington et al., 2015). 
    Analysis of the data collected in this study has shown that the metasediments 
found in the Faroe-Shetland basin contains a wide variety of different lithologies. The 
17 samples studied displays 8 distinct different lithologies which are related to 
different depositional environments. Furthermore the metasediments found in the 
Faroe-Shetland basin are also found in several other tectonically related areas such 
as Greenland, Norway and Scotland (Thrane et al., 2015). The strong mineralogical 
similarities between these locations and the Faroe-Shetland basin means that it is not 
possible to draw conclusions based only on the mineralogical components. Isotopic 
data is therefore a better analytical tool for this comparison. Previous studies mainly 
performed by Frei et al., (2005) have concluded that there are several similarities 
between central Greenland, Scotland and the Faroe-Shetland basin, although the 
southeastern part of Greenland contain tertiary sediments that can be ruled out (Frei 
& Knudsen, 2008).   
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2. Background 

2.1 Sedimentary sources  

Large parts of the metasedimentary rocks that are found in the Faroe-Shetland basin 
were deposited during and after the major rifting event that created the basin 
(Strachan et al., 2002). The foremost rifting occurred during the Cretaceous but early 
remnants from the Permo-Triassic are also detected (Strachan et al., 2002). During 
the early stages of the rifting both Scotland, Greenland and parts of Scandinavia 
were located close to the Faroe-Shetland basin (Mjelde et al., 2008). Although as the 
rifting continued in stages the basin moved away from some areas especially 
Scandinavia and Greenland (Stoker et al., 2002). The tectonic history found in 
eastern Greenland, northwestern Scandinavia and Scotland contain significant 
similarities and are all influenced by the Caledonian orogeny, this history is also 
evident in the Faroe-Shetland basin based on petrological analysis (Strachan et al.,  
2002; Woodcock and Strachan, 2012). The location of these areas in relation to the 
Faroe-Shetland basin in combination with the similarities in the tectonic history 
makes these locations possible sources. Previous work by Thrane et al., (2015) has 
also suggested these to be possible candidates, though Svalbard has additionally 
been mentioned. 

2.2 Geology of Greenland  

Greenland is a large island located in the North Atlantic Ocean. The area is highly 
influenced by historical tectonic events, though due to the thick ice sheet that covers 
large parts it is difficult to make substantial studies. Four major compressional events 
containing metasediments have so far been detected (Escher and Watt, 1976). The 
oldest metamorphic event on Greenland peaked around 3.8 Ga and contains highly 
metamorphosed rocks (Hayashi et al., 2000, Yuichiro et al., 2002). This event is often 
referred to as the iusa orogeny and portrays some of the oldest rocks in the world 
(Kalsbeek and Nutman, 1996). The orogenic belt is located in the southwestern part 
of Greenland (Yuichiro et al., 2002). Lithological variations are abundant and include 
metasediments and gneiss (Kalsbeek and Nutman, 1996). 
    The second orogeny known to have occurred is the Nagussugtoqidian orogeny 
that can be found in the southern parts of Greenland (Mazur et al., 2012). This 
orogeny transpired around 1860 Ma to 1840 Ma ago and can be classified into three 
different segments, the northern, southern and central segments (Connelly et al., 
2000; Kalsbeek and Nutman, 1996). The northern and southern segments were 
formed under amphibolite facies metamorphosis and the central segment was formed 
at granulite facies conditions. Metasediments are found in all the segments with a 
paragneissic character. The paragneiss show compositional variation partly 
containing hornblende bearing paragneiss with garnet and samples with quartz, 
plagioclase, alkali feldspar, biotite, garnet and sillimanite. Accessory minerals that are 
found in such samples are zircon, apatite, rutile, and pyrite (Mazur et al., 2012). 
Orthogneiss are also found though these will not be encountered in this paper. 
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    The third large compressional event in the greenlandic history initiated 1800 Ma 
ago, shortly after the Nagussugtoqidian orogeny (Chadwick and Grade 1996). This 
orogeny is referred to as the Ketilidian orogeny and can be found in the 
southernmost part of Greenland (Escher and Watt, 1976). This orogeny is influenced 
by fore arc remnants and batholithic traces, though metasediments are also 
abundant in some parts (Chadwick et al., 2001). The metasediments belongs to the 
Valley Group and have a low grade metamorphic character (Higgins 1970).  These 
are found adjacent to the Ketilidian border zone as an overlying unconformity 
(Higgins 1970). Compositional characters found consist largely of dolomites, pyritic 
carbonate rich shales and cherts (Higgins 1970 and Chadwick et al., 2001). 
    The youngest greenlandic orogeny is evident on the eastern coast of Greenland 
with a North to South trend (Kalsbeek et al., 2001). Traces of this orogeny can be 
found on several other locations and are referred to as the Caledonian orogeny. The 
Caledonian orogeny on Greenland has been studied by looking at coastal outcrops 
and nanatuks (Henriksen, 1999). Both metasediments and granitoids are found in the 
area (Henriksen, 1999). The granitoids are of Archean and Paleoprotozoic age and 
are thought to be remnants of the Precambrian shield (Rex and Gledhill, 
1981).Furthermore the metasediments can be found in the southern parts of the 
orogenic belt and are thought to be composed of late Mesoproterozoic and very thick 
Neoproterozoic 900–600 Ma layer (Kalsbeek et al., 2001). Metasediments in the area 
mainly consist of marble, chlorite schist and mica schist and are often found overlying 
a granite or gneiss. Post Caledonian sedimentary deposits from the Devonian and 
Cretaceous can be found in parts of the eastern coast (Higgins, 1988). Thick Tertiary 
basaltic segments cover part of the Caledonian belt (Higgins, 1988). 

2.3 Geology of Scotland 

Scotland has experienced a series of tectonic events similar to the ones found on 
Greenland. The oldest rocks in Scotland are the Lewisian metamorphosed sequence 
(Turnbull, Whitehouse & Moorbath, 1996). These rocks are found in the northwestern 
parts of Scotland and are overlain by several unconformities with the youngest 
unconformity occurring in contact with the Torridonian sandstone (Turnbull, 
Whitehouse & Moorbath, 1996). This sequence consists of brown to red 
unmetamorphosed sandstones (Turnbull, Whitehouse & Moorbath, 1996). 
Furthermore central Scotland, representing the Scottish Highlands mainly consists of 
Caledonian remnants associated with NE to SW trending fault systems (Harris, 
1991). The lithologies can be divided into two different groups consisting of the Moine 
Group and the Dalradian Group (Jansen et al., 2010). The Dalradian group consists 
of metamorphosed and folded rocks that were formed around 700 to 400 Ma 
(Stephenson et al., 2013).These rocks belong to a geological supergroup formed 
during the mid Protozoic to early Palaeozoic. The Dalradian rocks are thought to 
originate from the Grampian part of the Caledonian orogeny and consist of different 
metamorphic rocks. The protoliths are clastic sedimentary rocks, carbonates and 
some volcanogenic rocks (Stephenson et al., 2013). The Dalradian rocks can be 
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found together with intrusive Grampian rocks between the Highland Boundary and 
Great Glen faults on Scotland. Furthermore these rocks are also found on the 
Shetland Islands in areas located North of the Walls Boundary Fault (Stephenson et 
al., 2013). 
    The Moine Super Group is located in the northwestern parts of Scotland between 
the Great Glen fault and the Moine fault (Strachan et al., 2002). The lithologies in this 
area are known to be younger than the Lewisian rocks and originate from early 
Neoprotozoic time. Furthermore they are overlain by the older Dalradian group in 
some parts. During the time of the Moine Group formation Scotland experienced 
tectonic extension and the rock types are dominated by carbonate and mafic rocks, 
though some areas with felsic origins can be found.  Indications of strong 
metamorphism are evident and the presence of metasandstone and metapelite are 
also common. The sedimentary deposits in the area are thought to have originated 
from erosion of the Lewisian orthogneiss (Friend Strachan & Kinny, 2008). Granites 
are found as intrusions that were formed during the creation of Iapetus Ocean 
(Oliver, Wilde & Wan, 2008). 

2.4 Geological setting and tectonic history 

The Faroe Islands are located in the northern Atlantic and have been subjected to a 
complex tectonic history with sequences of rifting and convergence (Søager & Holm, 
2010, Boldreel & Andersen, 1994). During the Mesozoic the Faroe Islands were 
located close to the eastern parts Greenland approximately 100 to 120 km from the 
coast (Skogseid et al., 2000). Rifting South of the Faroes initiated during the 
Cretaceous separating the islands from Greenland (Knott et al., 1993). The extension 
transpired in several stages as the North Atlantic Ocean opened (Knott et al., 1993 
and Dore´ et al., 1999). During the later Cenozoic the Islands came to their current 
position located by the northern Scottish territories (Andersen et al., 1999). The 
geology in the area is highly influenced by basaltic lava, originating from the Tertiary 
Icelandic plume, that was deposited on the thick Archaean micro continent 
constituting the Faroe basement (Strachan et al., 2002, Richardson et al., 1998). 
These basaltic remnants and geological events have also influenced large parts of 
the adjacent Faroe-Shetland basin. 
    The Faroe-Shetland basin is located between the Faroe and Shetland Islands, 
North of Scotland (figure 1). The basin consists of a Northeast trending complex of 
several subbasins that are approximately 400 km long and 175 km wide (Rippington 
et al., 2015). The elevation in the area contains basinal highs and lows. This 
topography originates from a complex geology with large influences of different 
tectonic episodes (Shoulders et al., 2007). 
    The Faroe- Shetland basin contains a long history of geological events dating back 
to the Paleozoic (Duindam & van Hoorn 1987). During the late Carboniferous and 
early Permian a major collision occurred between Gondwana and Laurentia giving 
rise to the Variscan and Appalachian fold belts (Coward 1990). The supercontinent 
Pangea formed as a consequence of this event, though shortly afterwards rifting 
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initiated breakup of the continent (Ziegler & Roure 1999). A characteristic 
sedimentary deposit found from this period is the old red sand stone that can be 
found in the southern parts of the basin today (Dewey & Strachan, 2003, Smith and 
Ziska, 2011).Traces of limestone, shale and clastic components can also be found 
due to its post- location close to the equator (Strachan et al., 2002). 
    Minor rifting facies occurred during the Permo-Triassic and Jurassic age although 
the main extensional period transpired in the Cretaceous (Dean et al. 1999). Few 
traces of the Triassic and Jurassic event can be found in the basin today indicating 
low tectonic activity at the time (Ritchie et al. 2011, Roberts et al. 1999). The massive 
extension that occurred during Cretaceous led to extreme thermal uplift in the region 
(Woodcock & Strachan, 2012). A diverse amount of lithologies can be found from this 
period with both igneous and sedimentary origin. The Faroe-Shetland basin was a 
major center of deposition during Cretaceous leading to substantial sedimentary 
deposits (Woodcock, Strachan, 2012, Bureau et al., 2012). Therefore the 
sedimentary rocks dominating during this time were carbonates and mudstone 
(Strachan et al., 2002), (Knott et al., 1993). 

 

 

 

Figure 1. The map represents the main study area. The core locations are marked along 
the Faroe-Shetland basin according to the data received from the British geological 
survey (Google earth, 2015).  
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Oceanic spreading between Greenland and Europe initiated in the Paleocene and 
culminated in the Eocene (Woodcock and Strachan, 2012). Substantial basaltic lava 
sheets commonly referred to as the North Atlantic igneous province are associated 
with this event (Eidesgaard & Ziska, 2015). Although only a part of the province is 
represented in the Faroe-Shetland basin (Eidesgaard & Ziska, 2015). The youngest 
tectonic event known in the Faroe-Shetland basin history occurred during Oligocene 
(Ritchie et al. 2008). This event constitute of a minor compressional event, though 
the cause is debated with possible explanations being Atlantic ridge-push, the Alpine 
Orogeny, plume enhanced asthenospheric flow and super-charged asthenospheric 
flow associated with seafloor spreading (Dorè et al., 2008). 
    Concluding these geological events the history of the Faroe-Shetland basin can be 
divided into five main events. (1) Collision of Gondwana and Laurentia during Perm-
Carboniferous time causing the Caledonian and Variscan orogeny.  (2) 
Supercontinent breakup during the Permo-Triassic and Jurassic with substantial 
extension. (3) Large rifting during the Cretaceous and early Cenozoic. (4) Atlantic 
oceanic rifting. (5) Basin inversion due to minor compressional forces in the area 
during the Oligocene.   
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3. Method  

The data collected and represented in this report is based on the analysis of 17 
different core samples with metasedimentary content. The samples originate from 
boreholes drilled by the British geological survey offshore Faroe Islands in the Faroe-
Shetland basin (figure 1). The methods used during the analysis of these samples 
are petrographic microscopy, and mass spectrometers. 
    The mineral compositions in the samples were described by using a Nikon 
petrographic microscope at Uppsala University in Sweden. The minerals and 
compositional character were characterized after the nomenclature presented by 
MacKenzie (2011). Sample preparation in order to determine the major elemental 
compositions were performed by milling. 0,5 g of each sample was dissolved in a 
LiBO2/Li2B4O7 flux and analyzed using an inductively coupled plasma emission 
spectrometry (ICP-ES) at ACME Analytical Laboratories Ltd in Vancouver, Canada. 
For trace element analysis, 0,25 g of each sample was dissolved in HNO3, HClO4 
and HF. Duplicate records and international standard values used are described by 
Barker (2015). The isotope data were conducted by analysis using a VG Sector 54-
30 multiple collector mass spectrometer and a Coupled plasma emission 
spectrometer at the Scottish Universities Environmental Research Centre 
(SUERC).These samples was also dissolved in HNO3, HClO4 and HF. The isotope 
ratios of 143Nd/144Nd, 87Sr/86Sr, 206Pb/204Pb, 207Pb/204Pb and 208Pb/204Pb were 
determined after correction of mass fractionation using an exponential function. The 
NIST 987 standard was used to monitor uncertainties. 
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4. Results  

The results are divided into three different sections containing petrographic analysis, 
major elements, trace elements and isotope measurements. Each section represents 
the data acquisition conducted from boreholes in the Faroe-Shetland basin and 
outcrops on the Shetland Islands. 17 samples were collected in total and all consist 
of metasedimentary rocks. The samples originate from boreholes drilled by the British 
geological survey offshore of the Faroe Islands, in the Faroe-Shetland basin.  

4.1 Petrographic description 

The data represented in this section is based on a petrographic analysis of 17 thin 
sections using a petrographic microscope. The samples consist of metamorphosed 
sedimentary rocks and are subdivided into 8 distinct groups. The data is listed in the 
section below and contains description of mineralogy and general microstructures 
that can be found in the samples (MacKenzie, 2011).  

Mica schist 

The first group contains five different samples (HM11674, HM11679, HM11683, 
HM11678, and HM11680). These samples have been grouped together based on the 
mineral composition and microstructural elements. Minor changes can be detected 
though these differences are not strong enough to categorize the samples in 
separate groups. 
    The majority of the samples contain dominantly strongly aligned quartz grains. The 
samples contain approximately 50-70% quartz and the average grain size is 600 µm. 
The majority of the quartz grains are irregular with an anhedral character.  Muscovite 
and biotite are also abundant in the samples representing around 28% of each thin 
section. Chloritized biotites are common. Other minerals are only found to a small 
extent and are not present in all the samples these are fluorite, rutile and plagioclase. 
The studied thin sections display strong foliation and mylonization. This is evident in 
the alignment of mica grains and the elongation of quartz along the foliation. 
    Furthermore there are two samples that exhibit some deviation from this 
description. These samples (HM11678, HM11680) contain additional quartz and 
mica. Evident garnet crystals are also found in these samples. Each sample contains 
approximately 20-25 % garnet with a grain size of 300 µm to 800 µm. Apatite crystals 
are also detected though in extremely small amounts (figure 2). Furthermore the 
mylonization and foliation is also more evident in these samples. The two units are 
classified as mica schists due to the strong foliation and high mica content. The 
samples containing garnet can be regarded as garnet mica schist.  
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Meta Arkose  

This group is divided into three different subgroups that are based on the analysis of 
the following samples HM11682, HM11690, HM11710, HM11697, HM11703 and 
HM11695. 
    The first subgroup includes sample HM11682, HM11690, HM11710 and 
HM11697. The group contains anhedral plagioclase and can be found in all the 
samples with a high abundance extending between 50-60%.  Furthermore 
plagioclase has the largest grain size in comparison to the surrounding minerals in 
each sample though it ranges from 1500 µm to 200 µm. Alteration of the plagioclase 
can be detected by strong sericitization. Quartz can also be found in this group 
though with a lower abundance compared with the plagioclase. The quartz content is 
approximately 15-40 % with a variation between different samples and the average 
grain size is 200 µm (figure 2C). Subhedral to anhedral characters are dominant. 
Other minor minerals detected are zircon, epidote and calcite. Foliation can only be 
found in one sample (HM11710) and this is the only structure that can be clearly 
detected in this group. 
    The second subgroup is found in the thin section from sample HM11703 and 
contains some structural differences compared with the previous described group. 
The dominant mineral is plagioclase with an abundance of 35-45 % and the grain 
size ranges from 200 µm to 1100 µm (figure 2E). Furthermore the sample contains a 
relatively high amount of quartz (25-35%). The approximate grain size is between 
150 µm and 800 µm. Muscovite and biotite can also be found in this group though 
only in very small amount. Weak elongation of quartz indicating foliation is present. 
Fractured grains can be detected by the displacement along plagioclase grains found 
in the sample. 
    The third group is derived from a part of the sample HM11695. This sample 
contains two different characteristic units that are truncated by an altered contact 
zone though only the part containing metasediments will be discussed here. In 
contrast to the previous two groups this sample contains a high amount of calcite, 
approximately 50%. The calcite is incorporated between the other minerals found in 
the section. Plagioclase and quartz can be detected with an abundance of 20% each 
and a grain size between 100 and 800 µm. Other minor minerals that can be found 
are muscovite and biotite. The minerals are anhedral to euhedral with exception of 
calcite and no foliation can be detected (figure 2D).  
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Marble  

The thin section contains manly subhedral calcite (sample HM11676). Approximately 
90% of the sample consists of calcite and the average grain size is relatively big 
though it ranges from 300 µm to 1000 µm. Other minerals that can be found are 
muscovite, biotite and quartz. No foliation or lineation is present though 
recrystallization of calcite can be detected in areas with high concentration of 
muscovite.  

Figure 2. Selected thin sections in cross 
polarized light. A and B represents mica 
schist, though A contains a high amount of 
garnet (garnet mica schist). C, D and E 
represent different types of Arkose. C 
(HM11697) is a representation of simple 
meta Arkose while D (HM11695) contains 
a high amount of calcite (calcareous meta 
Arkos) and E (HM11703) contains a lower 
sericitization and foliation (Reference). 
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Calc-silicate  

Analysis of the sample HM11673 shows that this section is highly altered and 
oxidized, hence giving the sample a gritty character. 
    Quartz is the dominant mineral in the thin section and the sample consists of 
approximately 20% quartz. The average grain size is 100 µm though there are some 
few crystals that are 1000 µm. Anhedral and undulating boundaries are abundant. 
The sample contains approximately 5% biotite. The biotite crystals have a greater 
average grain size compared with quartz, which is approximated to be around 300 
µm to 500 µm. Other minerals such as clinopyroxene, calcite and chloritized biotite 
are also found to a minor extent. Joint filled cavities containing calcite can be found in 
the sample. Graphical representation of the thin section is found in the appendix.  

Meta Quartz Arenite  

The thin section extracted from sample HM11675 is characterized by quartz rich 
metasediments and weak mylonization. The quartz grains vary in size from 200 µm 
to 2000 µm though the majority are relatively small and elongated. Grain contacts are 
subhedral and scoured. Biotite crystals occur with 15 % abundance and are 
characterized by subhedral grains. The grain sizes range from 100 µm to 2000 µm 
though the average is 400 µm. Muscovite and chlorite are found to a smaller extent 
with a preferred orientation in joints. Weak mylonization and striation marks can be 
found in the sample though no major foliation or lineation is present. Graphical 
representation of the thin section is found in the appendix. 

Phyllite  

Sample HM11684 is characterized by a high quartz content and strong mylonization.  
Anhedral quartz crystals are found in high abundance extending between 50-60% 
and are characterized by elongated crystals that are relatively small with an average 
size of 100 µm. Muscovite and chlorite are also found in relatively high abundance 
that is approximated to be around 20% in each sample. The grain size of chlorite and 
muscovite is larger than the quartz crystals and ranges from 100 µm to 500 µm. 
Areas with opaque minerals can be found. Furthermore the sample contains strong 
schistosity and the majority of the minerals are aligned. There are some aggregates 
that appear to be relatively unaffected by the foliation. Fracture grains can be seen in 
areas with less foliation. 
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Calcareous Metalitharenite  

The core HM11696 is characterized by a gritty and altered character with small grain 
sizes. The mineral composition in this sample is dominated by biotite and quartz, 
although the biotite is highly chloritized and has a distorted green colour. 
Approximately 30-35% consists of chloritized biotite and the average diameter is 
100µm. Furthermore the sample contains 30% quartz grains that are slightly 
elongated with a grain size extending from 50-150 µm. Epidote can be found in veins 
and represents 20-30% of the entire sample. Calcite is also detected as a minor 
mineral. The general structure is dominated by weak foliation and mineral filled joints. 
Some areas indicate stylolite structures.  

Feldspathic Greywacke 

The metasediment found in sample HM11702 is characterized by high quartz and 
plagioclase content and areas of strong foliation. The quartz represents 
approximately 40 % of the sample with a grain size of 20 µm and are relatively 
irregular grains.  Plagioclase can be found to the same extent as quartz though the 
grain size ranges from 600-2000 µm. Other minerals detected in the sample are 
calcite, microcline and actinolite. The grains are anhedral and strongly influenced by 
deformation. Furthermore there are some areas that contain strong foliation. The 
foliation is curved and changes in direction throughout the sample.  

4.2 Geochemistry  

The geochemical data is based on analysis using inductively coupled plasma 
emission and mass spectrometers. The data represents both major element and 
trace element abundances.  

4.2.1 Major elements  

The SiO2 abundance found in the analyzed samples are plotted against the Al2O3, 
Fe2O3, MgO, and CaO contents in figure 3 to 7. The data clearly shows that most of 
the samples contain a comparable compositional character. The diagrams show that 
the SiO2 content is relatively high and extends from 60wt% to 80wt% with exception 
of sample HM22676 containing marble. This sample displays an extremely low SiO2 
content (figure 3 to 7). The Al2O3 content in the samples stretches between 10wt% 
and 20wt%. Diverging patterns are displayed by HM11675 and HM22676 containing 
marble and meta quartz Arenite. These two samples contain a low Al2O3 abundance 
around 5wt% to1wt% (figure 3). Furthermore the Fe2O3 content in the samples are 
relatively low and stretches between 2-8wt%, though one sample (HM11678, Mica 
schist) contains approximately 14wt% Fe2O3 (figure 4). The CaO content is extremely 
low in most of the samples and the highest abundance can be found in calcite rich 
samples such as HM11676 and HM11673 that contains marble and calc- silicate 
(figure 5). The abundance of MgO is also extremely low in the samples and stretches 
between 1wt% to 2wt% with the exclusion of the calc silicate (HM11673) that 
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contains 7% MgO (figure 6). Furthermore the diagram in figure 7, displaying the 
Na2O content, shows that the abundance of Na2O in the samples is very low. The 
content varies between 7 to 1wt% and there are no distinct differences between the 
samples (figure 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The diagram displays the abundance of SiO2 and Al2O3 in percentage. 
Each sample is represented by a specific color and/or a shape.  

Figure 4. The diagram displays the abundance of SiO2 and Fe2O3 in 
percentage. Each sample is represented by a specific color and/or a shape. 
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Figure 5. The diagram displays the abundance of SiO2 and CaO in 
percentage. Each sample is represented by a specific color and/or a shape. 

Figure 6. The diagram displays the abundance of SiO2 and MgO in 
percentage. Each sample is represented by a specific color and/or a shape. 
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Furthermore the core samples containing marble (HM11676), calc silicate (HM11673) 
and meta quartz arenite (HM11675) contain a distinctive composition of CaO, SiO2, 
and Al2O3 and are easily separated from each other. The ternary diagram in figure 8 
represents the CaO, SiO2 and Al2O3 composition in three different samples each 
containing a specific lithology. The diagram shows that the marble (HM11676) 
contains a low amount of SiO2 and Al2O3 but a high quantity of CaO. Furthermore the 
meta quartz arenite found in sample HM11675 exhibits an extremely high SiO2 
content and only traces of CaO and Al2O3 can be detected. The sample containing 
calc silicate (HM11673) contains a relatively high amount of SiO2, though the amount 
of CaO and Al2O3 are substantial. 
    Furthermore all the samples analyzed in this project can be found in a common 
diagram in figure 9. The diagram in figure 9 is a Herron diagram commonly used to 
describe the geochemical classification of sedimentary rocks. This can be used to 
understand how the protoliths are altered during the metamorphism. The diagram 
shows that all the samples are distorted closer to the y-axis indicating a lowering in 
log (SiO2/Al2O3). For example the arkoses are found in the greywacke area that is 
located next to the arkose and closer to the y-axis. 

 

 

 

 

Figure 7. The diagram displays the abundance of SiO2 and NaO2 in 
percentage. Each sample is represented by a specific color and/or a shape. 
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4.2.2. Rare earth elements   

Figure 8. This is a ternary diagram that shows the amount of CaO, Al2O3 and SiO2 in 
percentage found in three different cores HM11 (marble), HM11 (Calc silicate), HM11 (Meta 
quartz arenite).  

Figure 9. Diagram for classification of terrigenous sedimentary rocks based after 
Herron 1988. Each lithology is represented by different colors and shapes indicate 
variations within a specific group. Arkoses are represented by blue points. Mica schists 
are represented by green points. Phyllite is represented by purple points. Marble are 
represented by red points. Calc silicate is represented by orange points. Meta Quartz 
Arenite is represented by gray points. Feltspathic Greywacke is represented by yellow 
points and calcareous metalitharenite is represented by black points.  
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The Rare earth element data are plotted in spider diagrams on a logarithmic scale. 
The element measurements from the different samples have been divided by the Cl 
chondrite before presentation. 
    All samples contain low Eu values. The mica schists and arkoses are plotted in 
figure 10 and the remaining samples are plotted in figure 11. The diagrams show that 
the majority of the samples contain a downward going trend from La to Lu, though 
small variations are evident. Furthermore the Tm content is found to be extremely low 
in all the samples. The REE values found in the arkoses display a high amount of La, 
Ce, Pr, Nd and Sm with the highest abundance in HM11690. The mica schists 
contain a lower abundance of REE compared with the arkoses with exception of the 
sample HM1180 that contains garnet mica schist. This sample displays values similar 
to some of the arkoses. Furthermore most of the samples in figure 11 show a trend 
with REE abundances that are comparable with the mica schists in figure 10. The La 
ranges from 89 to 156 and the Sm values from 18 to 35, though two samples diverge 
from this trend. Sample HM11676 and HM11675 consist of marble and meta quartz 
arenite and contain a lower abundance of rare earth elements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Spider pattern containing values from Arkose samples and Mica 
schist samples.  

Figure 11. Spider pattern containing values from Phyllite, F. Greywacke, Calc 
silicate, Marble and M.Q. Arenite samples. 
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4.3 Isotopes  

Measurements of Pb, Nd and Sr isotopes where obtained during the preparatory 
analysis. The data contained during the analysis are plotted and described in this 
section. 
   The data in figure 12 shows the 87Sr/86Sr and 143Nd/44Nd ratio in found in the 
samples. The samples can be noted as two to three different groups (figure 15). Most 
of the samples are found in the upper left corner containing 143Nd/44Nd  isotope ratios 
of 0.5116 to 0.5120 and 87Sr/86Sr  isotope ratios of 0.721 to 0.741. The arkoses 
contain low Sr and Nd isotope ratios compared to the other samples, though sample 
HM11703 stands out with a high Nd isotope ratios. Furthermore the mica schists 
contain an internal proliferation. The diagram in figure12 shows that HM11679, 
HM22674 and HM11680 contain a similar amount of 87Sr/86Sr and 143Nd/44Nd ratios, 
comparable to the general trend, though HM11683 and HM11678 diverge from this 
pattern. HM11683 contain lower 143Nd44Nd and HM11678 contains a distinctive 
higher 87Sr/86Sr (figure 12). Another mentionable sample is HM11676 that contains 
an evident low Sr isotope ratio, similar to seawater of 0.7089.. 
    The diagram in figure 13 shows the 206Pb/204Pb and 207Pb/204Pb ratio found in the 
samples. Selected basalts are plotted for comparison in the diagram. The diagram 
clearly shows that the 208Pb/204Pb ratios are similar in all the samples while the other 
Pb ratios changes largely in the different samples. The 208Pb/204Pb isotope ratio 
ranges between approximately 35 to 45, 207Pb/204Pb ranges from 15.3 to 15.7 and 
206Pb/204Pb from 16.5 to 19.0. Furthermore there is no comparable trend within the 
arkoses and there are only two samples that share some similarities. Sample 
HM11702 and HM11703 containing greywacke and the metalithic arkose both have 
high 206Pb/204Pb isotope ratios.  

 

 

 

 

 

 

 

 

 

 

 
Figure 12. The diagram represents the 87/86Sr and 143/144Nd isotope ratios conducted in 
this study. The groups are marked as following, group 1-gray (group 3 dark gray), and 
group 2- yellow.  

Greywacke) 
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The diagram in figure 14 displays the 206Pb/204Pb and 208Pb/204Pb ratio found the 
samples. Selected basalts are plotted in the diagram for comparison. The samples 
show that the 208Pb/204Pb isotopes are found to be relatively high in both the 
metasediments and the basalts. The arkoses are contain 206Pb/204Pb values around 
45 and 206Pb/204Pb values between 16.7 and 17.5, though the meta lithic arkose 
diverges from this trend with a character similar to the sample HM11702  containing 
feltspathic greywacke. Both the greywacke and the meta lithic arkose contain higher 
of 206Pb/204Pb compared with the other samples. Furthermore all the basalts share a 
similar character to each other with 206Pb/204Pb values around 18 and 208Pb/204Pb 
values around 35. Furthermore most of the metasediments display higher 208Pb/204Pb 
and 207Pb204Pb ratios than the basalts (figure 13 to 14).   

 

 

 

 

 

 

 

 

 Figure 13. The diagram represents the 207/204Pb and 206/204Pb isotope ratios conducted in 
this study. The Faroe island basalts (FIBS) were provided by Abigail (2012).  

Figure 14. The diagram represents the 208/204Pb and 206/204Pb isotope ratios conducted in 
this study. The Faroe island basalts (FIBS) were provided by Abigail (2012). 
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5. Discussion 

5.1 Classification of metasediments 

Metamorphosed sedimentary rocks are primarily classified by the mineral 
composition, structure and textural components. Furthermore metamorphic rocks are 
generally divided into three different groups called metamorphosed aluminous clastic 
sedimentary rocks, metamorphosed calcareous rocks and metamorphosed mafic 
volcanic rocks, though only the two first mentioned originate from sedimentary 
protoliths (Blatt, Tracy & Owens, 2006). The samples analyzed in this study consist of 
metasediments and the lithologies comprises of both aluminous clastic sedimentary 
rocks and calcareous rocks.  Based on the minerology and structures these 
metasediments can be classified into eight distinct groups. 
    Schists commonly consist of quartz, mica and plagioclase though other minerals 
can be found depending on the bulk chemistry and metamorphic grade (Blatt, Tracy 
& Owens, 2006). Furthermore they contain evident schistosity mainly represented by 
aligned and elongated mineral grains. The protoliths are recognized as clay rich 
sediments deposited in low energy environments. The clay minerals are commonly 
replaced by micas and chlorite during metamorphism hence resulting in high mica 
content (Blatt, Tracy & Owens, 2006). Samples HM11674, HM11679, HM11683, 
HM11678, and HM11680 are all consistent with this description and are hence 
classified as schists, though there are some small variations between different 
samples. HM11674, HM11679, HM11683 contains a relatively high amount of mica 
and mica schist is therefore a better nomenclature. Furthermore the samples 
HM11678 and HM1168 are also classified as schists though these contain evident 
amounts of garnet. Garnet is a common mineral in schists that have been exposed to 
higher temperatures during the metamorphism.  Hence these samples must have 
formed in a different metamorphic facies, though the original protolith may be the 
same for all the samples. 
    Sample HM11684 contains similar mineral composition as the mica schist though 
the foliation is evidently stronger and there are also remnants of chlorite. The general 
texture and composition is consistent with phyllite. Quartz, muscovite and chlorite are 
common and both the muscovite and chlorite indicates that the sample originates 
from a clay rich protolith. It is possible that this sample has been characterized by 
Barrovian metamorphism, hence the transition of muscovite to chlorite (Strachan et 
al., 2002). The possible high clay rich protolith also shows that this sample as well as 
the schists has been deposited in a low energy environment prior to the 
metamorphism. 
    Other metamorphic aluminous clastic rocks recognized are from the samples 
HM11690, HM11697 and HM11703. The mineral composition and structures in these 
samples are consistent with those found in meta arkoses. Meta arkoses are 
metasediments that originate from clastic sediment deposited close to the continental 
shelf. They often contain high feldspathic abundance and are derived from erosion of 
gneissic or granitic rocks, though quartz and clay minerals are also common. During 
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the metamorphism they often form gneissic textures and hence differ from the schists 
and phyllite. Sample HM11682, HM11690, HM11710, HM11697 clearly display this 
pattern and are classified as meta arkoses. The samples are also recognized to 
contain two types of epidote. This mineral can form during hydrothermal alteration 
and is a possible indicator of high volatile influence during relatively high grade 
metamorphism. Furthermore sample HM11703 differs slightly from the other arkoses. 
Small amounts of chloritized biotite and muscovite indicates that this sample must 
have originated from a more clay rich protolith. This concludes that a classification as 
meta lithic arkose would be a better description. The chlorite found also indicates that 
the sample has been exposed to relatively high grade metamorphism similar to the 
grade found in the other arkoses. Furthermore sample HM11695 contains an 
abundant amount of calcite and is therefore classified as being a calcareous meta 
arkose. The calcite content indicates that the protolith was deposited in an 
environment that supported the preservation of calcite deposits from marine 
organisms, in shallow areas. 
    Additional metamorphic aluminous clastic rocks are found in sample HM11702. 
This sample contains a high abundance of quartz and plagioclase with irregular 
foliation and varying grain sizes. This character is relatively common in greywackes. 
Greywacke is formed in areas close to the continental slope and is a type of 
immature sandstone, often containing fragments of clay and calcite. Turbidites and 
other mass transport processes that occur in marine areas are common causes for 
the rock formation. The sample analyzed in this study contains large amounts of 
plagioclase and is therefore classified more specifically as meta feldspathic 
greywacke. The metamorphic character is evident in areas with foliation. Additional 
minerals such as calcite have been transported during a mass transport event. Other 
minerals that are found are microcline and actinolite. The actinolite found in 
metamorphic rocks is often related to igneous processes, although it can also form 
during metamorphism of magnesium rich calcite sediments which is a possible 
explanation in this case. Microcline is mainly found in igneous rocks and may be a 
remnant of continental erosion or slow cooling of orthoclase.  Due to the presence of 
actinolite in sample HM11702 it is evident that metamorphism occurred at green 
schist facies conditions. 
    The final sample that can be included in the metamorphic aluminous clastic rock 
group is sample HM11696. This sample contains a high abundance of biotite and 
quartz with relatively small grain sizes.  The high clay content represented by the 
micas in combination with the quartz grains have led to the classification as a meta 
litharenite.  Meta litharenite originates from clay rich and possible fine grained 
sandstones.  Further classification of sample HM11696 can be made by the relatively 
high amount of calcite that also is found in the sample. This concludes that 
calcareous metalitharenite is a more reasonable description.  The calcite is wide 
spread in the sample and stylolite indicates the occurrence of pressure dissolution 
during formation, this is a possible explanation for the gritty character displayed in the 
sample. Calcite is easily dissolved during pressure dissolution and is therefore 
scattered in small amounts throughout the sample.  Furthermore the mica found in 
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the sample is highly chloritized indicating a relatively high metamorphic grade.  
Possible indicators of hydrothermal alteration can also be detected as epidote veins 
are found. 
    Two samples containing metamorphic calcareous rocks are detected during 
analysis. Metacalcareous rocks commonly contain some impurities consisting of 
silicates and/or oxide minerals. These are formed due to metamorphism of detrital 
materials found in carbonates (Blatt, Tracy & Owens, 2006). Sample can be 
classified as a metamorphic calcareous rock. This sample consists of approximately 
90% calcite and the grains are relatively big with absent foliation. The high calcite 
content is characteristic for marble. Traces of muscovite, biotite and quartz are also 
found. This represents impurities from clay and sand particles. The protolith 
originates from a shallow marine environment with relatively high temperature. The 
metamorphic facies is difficult to understand due to the lack of significant indicator 
minerals, although the geochemical data that will be discussed later on may 
contribute to further understanding. 
    The second sample that is a metamorphic calcareous rock is sample HM11673. 
This sample differs from the marble and contains less calcite of only around 15% of 
the sample. Furthermore it contains large amounts of quartz and there are some 
remnants of mica grains. This mineralogical composition is distinct for calc-silicates. 
Calc-silicates are common calcareous metamorphic rocks, though the protolith 
originates from similar circumstances to the marble. Furthermore the meta calc-
silicate sample contains stronger foliation compared with the marble. The accessory 
minerals such as oxides and pyroxene indicate that the meta calc silicate formed 
during relatively low metamorphic grade. 
    The final sample investigated in this study is HM11675. This sample consists of an 
extremely high amount of quartz though chloritized biotite is also relatively common. 
The high quartz content in combination with the weak foliation and other trace 
minerals have led to the classification as meta quartz arenite. This rock is thought to 
originate from quartz rich sandstone protoliths deposited in a high energy 
environment. The sample contains chloritized biotite indicating formation during 
relatively high grade metamorphism. 

5.1.1 Geochemistry 

Geochemical data can be used as an indicator for different types of mineralogical 
compositions and depositional environments. Analysis of the geochemistry extracted 
from the previous discussed samples will be examined to give a deeper 
understanding of the different lithologies. 
    The REE data is relatively consistent in all samples and there is an evident 
enrichment in REE (fig 10-11). This trend is commonly displayed by metamorphosed 
rocks. Furthermore the Eu value stands out with a lower value. This low value are 
known to occur in continental lithologies that contain plagioclase rich fractions and 
sediments deposited in marine environments that have been derived from eroded 
felsic igneous rocks (Blatt, Tracy & Owens, 2006). The mica schists from samples 
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HM11674, HM11679, HM11683, HM11678, and HM11680 are known to contain 
relatively high Al2O3 values. This is representative for a high clay content which 
supports the previous discussed idea that the mica schists originates from clay rich 
protoliths displayed by  the evident mica concentrations. The samples HM11678, and 
HM11680, both classified as garnet mica schists, contain an evidently higher 
concentration of Al2O3 compared with the other mica schists. The Fe content is also 
recognized to be higher in these samples. One possible explanation for this pattern is 
the presence of garnet that is an aluminium silicate which would increase the Al2O3. 
The Fe oxide concentration indicates that the garnets in the sample are most likely 
almandine; this mineral contains Fe in addition to the aluminium and silicate. The 
relatively high SiO2 content in the samples is furthermore indicative for quartz and 
other silicate minerals. 
    The phyllite represented in sample HM11684 shows some geochemical similarities 
with the schists. The most evident difference is the Al2O3 concentration that is higher 
in this sample. This strengthens the idea that the phyllite originates from a more clay 
rich protolith compared with the schists, though one of the garnet schists diverges 
from the trend because of the higher Al2O3 contributed by the garnet. Furthermore 
the Fe values are relatively high in this sample likely indicating presence of iron rich 
clay minerals, in this case mainly iron rich biotite. 
   The arkose samples (HM11690, HM11697 and HM11703) contain a relatively high 
amount of Al2O3, comparable to the schist and phyllite. This high Al2O3 trend is not 
very common in meta arkose though some samples with high clay content are known 
to display this type of pattern.  Therefore it is evident that the meta arkoses studied in 
this report are semipelites and originate from clay rich protoliths.  Furthermore the 
Na2O content is also relatively high in these meta arkoses.  The Na2O values are 
strongly related to the high plagioclase content since plagioclase is known to contain 
Na. The sample HM11703 containing additional plagioclase also displays higher Na 
values, possible indicating that the plagioclase is oligoclase or albite. This data 
supports the previous discussed arkose classification based on the mineral 
composition. 
    The greywacke sample marked as HM11702 contains high Al2O3 values 
comparable to the previous discussed samples. The high values found represent a 
semipelitic greywacke. Furthermore the Na2O content is relatively high similar to the 
one found in the arkoses. Since the greywacke contains feldspar, hence the 
classification metafeldspathic greywacke, these Na values are predicted. 
Furthermore the CaO values are extremely low even though calcite materials are 
found in the sample. This indicates that the calcite can only make up a small amount 
of the total sample. 
    Sample HM11676 containing marble displays characteristic geochemical patterns 
for marble lithologies. The tertiary diagram in figure 8 representing the CaO, SiO2 and 
Al2O3 content shows that the CaO content is extremely high and the SiO2 is low. 
Other major elements are found to a small extent and the low MgO and Al2O3 
indicates that the marble is relatively pure without abundant clay particles and it does 
not contain large amounts of dolomitic marble. 
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    Furthermore the calc-silicate sample HM11673 also contains a relatively 
characteristic geochemical trend. The CaO values are high but lower than the marble 
sample. Additionally the MgO and Al2O3 are evidently higher in the calc-silicate 
sample in relationship to the marble. The magnesium shows that the calc-silicate 
most likely contains dolomitic calcite and the Al2O3 indicates impurities. The 
impurities in this case are clay minerals that originate from the protolith. SiO2 content 
can also be seen as impurities of e.g. sand grains and other silicate minerals 
deposited prior to the lithification and metamorphism. 
    The final sample studied in this report is HM11675, classified as a meta quartz 
arenite. The geochemical data shows that the sample lack abundant major elements, 
however the SiO2 content is extremely high, similar to a pure quartzite.  Some traces 
of Al2O3 indicate presence of clay minerals. Furthermore this sample can be 
compared with the marble and calc silicate in the tertiary diagram in figure 8. This 
clearly shows the significant differences between these samples and displays the 
high SiO2 content found in the meta quartz arenite. 
    Finally a short analysis of the major element chemistry in all the samples indicates 
metamorphic alteration. This is evident when looking at the Herron diagram in figure 
9, that is normally used for chemical analysis of non-metamorphosed sedimentary 
rocks. The samples plotted in this diagram shows an evident difference compared 
with the predicted values and especially the Fe2O3, K2O and SiO2 values diverge. 
This depends on the metamorphic minerals that have displaced the original 
composition. For example some of the mica schists contain aluminum silicates such 
as garnet that increases the Fe2O3. Hence higher metamorphism leads to higher 
distortion in the diagram. Furthermore the SiO2 and K2O have changed differently 
depending on the lithology, some samples shows an increase in SiO2 and decrease 
in K2O while others show the opposite trend.  

5.1.2 Isotope correlation   

Isotope data can be used as a tool to understand the relation between different 
samples and the lithification or crystallization. The isotope ratios in the samples that 
originate from the approximately same origin contain similar ratios and relation can 
be drawn from several different isotopes. This contributes to the correlation between 
samples. Isotope data is more commonly used in igneous petrology but 
metasedimentary studies can also be done (Allègre, 2008). 
    The isotope data collected in this study includes 87Sr86Sr and 143Nd144Nd ratios and 
some Pb isotope ratios, though the Pb isotopes are only plotted for the arkoses and 
greywacke since no data from the other lithologies were measured. The purpose of 
simplifying the discussion of the isotope data the samples have been grouped 
together based on their similarities in the isotope ratios. The samples can be 
represented as two to three groups based on this aspect. The groups are structured 
in the diagram in figure 15 where the Sr and Nd isotope ratios are shown.  The 
majorities of the samples are found in group 1 and includes all samples except two of 
the arkoses (HM11697, HM11690) and possible also the one of the garnet mica 
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schists (HM11678). Some of the samples display relatively high Sr isotope values, 
may originate from the clay content.  Group 2 contains low Sr and Nd ratios and is 
represented by sample HM11697 and HM11690, both containing arkoses. These 
samples also display a similar trend to each other when analyzing the Pb isotope 
ratios. Since they differ from all other samples in not only the Sr and Nd isotope ratios 
but also in the Pb isotope ratios it is evident that these samples most likely originate 
from different sources. Furthermore group 3 only contains one sample (HM11678). 
This garnet mica schist exhibits extremely high 87Sr/86Sr values compared with the 
other samples. Unfortunately there are no Pb values registered for this sample and 
further comparison is difficult to make, though it is possible that this sample were not 
formed from the same source group 1, or may reflect a clay rich sample with high 
87Sr/86Sr components. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.2 Comparison to regional metasediments 

Previous studies have concluded that the metasediments found in the Faroe-
Shetland basin range largely in character and deposits from numerous periods can 
be found (Strachan et al., 2002). The most abundant deposits originate from late 
Mesozoic to Tertiary time when the basin formation occurred (Dean et al. 1999), 
though other lithologies are also found. Old red sandstone deposits are located in the 
northern parts of the Faroe-Shetland basin and large Tertiary basalt remnants in the 

Figure 15. The diagram represents the different groups that can be used to divide the 
samples based on the isotope data from the 143Nd144Nd and 87Sr86Sr ratios. Group 1-gray to 
dark gray. Group 2- yellow, this group also includes samples from the greenlandic Archean 
(Kalsbeek et al, 1993). Lewisian samples are plotted from Chapman and Moorbath (1977) 
Dalradian samples are plotted with 143Nd144Nd values from Banks et al., (2007) and 87Sr86Sr 
from Dempster et al., (1995). 
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western parts are abundant (Eidesgaard & Ziska, 2015). The metasediments 
retrieved and analyzed in this study shows that there is a large lithological variation in 
the area. This is represented by the eight distinct different mineralogical and 
geochemical characters that have been classified. Furthermore the isotope data in 
this study also indicates that these groups can be divided into three different 
depositional origins. Comparison of the isotopic data from the Faroe-Shetland basin 
and other regions will contribute to further understanding of the origin. The 
metasediments will therefore be compared with three different possible sources, 
Greenland, Scotland and Norway. Isotopic data will mostly be used for comparison 
because of the high similarities in mineralogical and geochemical characters that 
would complicate other types of comparisons.   

5.2.1 Scotland  

Scottish geology consists of numerous different complexes (Trewin, 2002). The 
oldest rocks are found in the Lewisian complex located in northwestern Scotland, this 
sequence is overlain by the unmetamorphosed unconformity of Torridonian 
sandstones. Following this is the Moine supergroup that is found Southeast of the 
Torridonian and Lewisian lithologies. The fourth group is the Dalradian super group, 
located Southeast of the Moine supergroup. Furthermore it is also important to 
mention the red old sandstone can be found to some extent in central Scotland 
(Toghill, 2000). Data from previous isotopic analysis from the Scottish rocks will be 
used for comparison with the data conducted in this study. When comparing the 
isotopes from these different lithologies with the ones found in the Faroe-Shetland 
basin it is evident that both similarities and differences are found (figure 16 to 17).  

 

 

 

 

 

  

 

 

 

 

 

 

Figure 16. The diagram represents the 206Pb/204Pb and 207Pb/204Pb isotope ratios in four 
samples from the Faroe-Shetland basin and for samples from Scotland retrieved by Chapman 
and Moorbath (1977); Turnbull, Whitehouse & Moorbath (1996); Thompson et al., (200): 
Palacz (1985). Group 2 is represented by a yellow circle and group 1 by a gray circle. 
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The Lewisian rocks are known to contain large amounts of quartz and felspathic 
rocks with abundance of greywacke and meta quartz arenite, though other lithologies 
are also found. The data contained by Chapman and Moorbath (1977) shows that the 
208Pb204Pb, 206Pb204Pb and 207/204Pb isotope ratios are notable different compared 
with the metasediments from the Faroe-Shetland basin (figure16 to 17). Furthermore 
additional studies of marbles from the Lewisian complex show that the 143Nd144Nd 
ratios differentiate largely from the marbles found in the Faroe-Shetland basin and 
contains lower 143Nd144Nd ratios (Whitehouse et al., 1996). With this stated it highly 
unlikely based on this data that the Faroe samples are related to the Lewisian rocks 
from Scotland. 
    Furthermore a comparison between the Torridonian sandstones from Scotland 
shows that some areas contain isotope data that is highly comparable with the values 
from group 1, from the Faroe region (figure 16 to 17). Data from the Torridonian 
sequence were collected in a study by Turnbull et al., (1996) and contains values 
from different formations that are composed of Torridonian sandstones. The diabaig 
formation contains Pb isotope ratios that are similar to the samples in group 1. Data 
collected from other areas shows that both the 206Pb/204Pb and 208Pb/204Pb isotope 
ratios are similar to group 1, though the 207Pb/204Pb ratios are more comparable with 
group 2 (Palacz, 1985) . This suggests that group 1 could be correlated with the 
Torridonian rocks from the diabaig Formation. Group 2 is most likely not correlated 
with the Torridonian rocks because of the high 208Pb/204Pb ratio that are displayed by 
group 2, though it is possible that this is just an anomaly. 
    Analysis and comparison between the Faroe-Shetland metasediments and the 
Moine rocks shows that there are few similarities. In the study conducted by Kirkland 

Figure 17. The diagram represents the 206Pb/204Pb and 208Pb/204Pb isotope ratios in four 
samples from the Faroe-Shetland basin and for samples from Scotland retrieved by 
Chapman and Moorbath (1977); Turnbull, Whitehouse & Moorbath (1996); Thompson et 
al., (200): Palacz (1985). Group 2 is represented by a yellow circle and group 1 by a gray 
circle. 
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et al., (2008) analyses of Pssamites, felspathic sandstones, quartzite and arenites 
were conducted (figure16 to 17). The Pb isotope values extracted from these 
samples are not comparable with the Faroe-Shetland basin samples. The 208Pb/204Pb 
ratios are too low to be included in group 2 and the 207Pb/204Pb are too low to be included in 
group 1. Furthermore it is also stated that the micas and feldspars in this region tend 
to have high 87Sr86Sr ratios which are not comparable with the Faroe sediments 
(Kirkland et al., 2008). Data supporting these differences are also presented by 
Lambert and Pole (1962). The isotopes values in this study does not share any 
similarities with the isotopes studied by Lambert and Pole (1962),  though the higher 
87Sr86Sr values could possibly be compared with the garnet schist in group 3 that 
contains an evident higher amount of 87Sr86Sr isotope values. This comparison 
suggests that the Moine sequence found on Scotland is not the source for the 
metasediments found in the Faroe region, with exception of the garnet mica schist in 
group 3. 
    Studies of the Bonhaven and Port Aking complex have been conducted by 
Sawakia et al (2010). These areas are known to contain Dalradian lithologies. The 
metasediments are found to be similar to the Faroe-Shetland basin lithologies and 
the 87Sr86Sr isotope ratios conducted are comparable with group 1. Furthermore 
these rocks are also found to commonly contain mica schists with pyroblasts and 
chloritized biotite and display a similar character as the mica schists from the Faroe 
basin (Dempster et al., 1995). The 87Sr/86Sr values are presented in another study by 
Dempster et al., (1995) also display similarities with the samples in group 1 in this 
study and 143Nd144Nd isotope ratios from Banks et al., (2007) is also comparable with 
group 1 (figure 15). This could indicate that group 1 originates from the Daldarian 
sequence, though Pb and Nd isotope ratios are needed for further comparison. 
    The final comparison between the Faroe-Shetland basin and Scotland is 
conducted from isotope data from the old red sandstone that can be found on 
Scotland and are also known to be found in some parts of the Faroe basin (Strachan 
et al., 2002 & Williams et al., 2000). The comparison is based on Pb isotope data 
conducted by Williams et al (2000). This comparison shows that the 206Pb204Pb 
values are extremely high in the old red sandstone in comparison with the samples 
from the Faroe-Shetland region. Based on this it is evident that the old red sandstone 
can be ruled out as a possible source area, though further analysis could give 
additional understanding.  

5.2.2 Norway 

The western coast of Norway mainly consists of Caledonian nappes and Archean 
crust that are included in the Sveccofenninan orogeny (Eide et al., 2002). The study 
by Andersen & Munz (1995) shows that samples from the Bamble sector in 
southwestern Norway and the Modum complex consists largely of quartzites, 
metapelites, schists, and calc silicates (figure18 to 19). The Pb isotopes analyzed by 
Andersen & Munz (1995) shows that the values from Norway are evidently higher 
than the values found in the Faroe-Shetland basin during this study. An additional 
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study by the Corfu (2004) also indicates that the isotope values differentiate largely 
from the values in the Faroe Shetland basin. Therefore is highly unlikely that Norway 
is the source for the metasediments in the Shetland basin.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. The diagram represents the 206Pb/204Pb and 208Pb/204Pb isotope ratios in 
four samples from the Faroe-Shetland basin and for samples from Norway retrieved 
by Andersen & Munz (1995). Group 2 is represented by a yellow circle and group 1 
by a gray circle. 

 

Figure 18. The diagram represents the 206Pb/204Pb and 207Pb/204Pb isotope ratios in 
four samples from the Faroe-Shetland basin and for samples from Norway retrieved by 
Andersen & Munz (1995). Group 2 is represented by a yellow circle and group 1 by a 
gray circle. 
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5.2.3 Greenland  

The eastern part of Greenland is characterized by the Caledonian and Ketilidian 
orogeny (Escher & Watt, 1976). Metasedimentary analysis from the Ketilidian 
orogeny conducted by Patchett and Bridgwater (1984) shows that the 143Nd144Nd 
isotope ratios are much lower compared to the metasediments from the Faroe-
Shetland basin, though to exclude this as a source more data is needed. 
Furthermore analysis of Archean rocks in the greenlandic Caledonian belt shows that 
there are some similarities in the Pb isotope ratios found especially when comparing 
with the Bllocken gneisses (Kalsbeek et al., 1993; Tayler et al, 1992). The data from 
Greenland is not comparable with group 1, though strong correlations can be drawn 
between group 2 (figure 20 to 21).  Furthermore the study by Kalsbeek et al., (1993) 
shows that the 143Nd144Nd and 87Sr86Sr isotope ratios also are comparable with group 
2 (figure 15). 
    Additional studies of post caledonian sediments on Greenland by Frei and 
Knudsen (2008) concludes that the Tertiary to Carboniferous sediments found in the 
Kangerlussuaq region contains differences in age patterns extracted from zircon 
grains when comparing with the Faroe-Shetland basin, though they have concluded 
that the patterns from central eastern Greenland are more comparable. The data 
from Frei and Knudsen (2008) is only based on zircon ages and no exact values of 
the isotope ratios are described for the whole rock samples. This makes a direct 
comparison difficult, though it is important to mention that further analysis of Tertiary 
sediments in central east Greenland could give rise to further understanding of the 
origin of the metasediments found in this study.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. The diagram represents the 206Pb/204Pb and 207Pb/204Pb isotope ratios in four 
samples from the Faroe-Shetland basin and for samples from Greenland retrieved by 
Kalsbeek et al., (1993). Group 2 is represented by a yellow circle and group 1 by a gray 
circle. 
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6. Conclusion 

The analysis of the metasediments has concluded that the 17 samples collected from 
the Faroe-Shetland basin consist of 8 different lithologies. The lithologies include 
mica schists, arkoses, phyllite, marble, calc-silicate, arenite, greywacke and 
litharenite. The samples are shown to display both geochemical and petrological 
factors contributing to the distinguishing of the different lithologies. 
    The lithologies from the Faroe region conducted in this study are found in several 
other related areas, namely Greenland, Norway and Scotland (Thrane et al., 2015). 
When comparing the isotope data from the Faroe-Shetland basin with the data from 
different lithological units from these areas it is evident that there are strong 
correlations. The Faroe-Shetland basin samples indicate that the rocks found mainly 
originates from three different locations. The majority of the samples are found in 
group 1, and are comparable with both the Torridonian sandstones and the Dalradian 
super group from Scotland. Group 2 is highly comparable with isotope data from both 
Scotland and Greenland containing Archean influenced remnants, although no 
comparison can be made between the Norwegian Archean rocks, possibly because 
this part of Norway have been influenced by the Sveccofennina. Furthermore the 
third and final group contains similar character in 87Sr/86Sr values with the Moine 
super group from Scotland. Therefore this might be a possible source, though further 
analysis is needed to draw conclusion about this. Group 3 only contains one sample 
and could only be an anomaly that should be included in group 1. The higher 
87Sr/86Sr isotope ratios in group 3 is possible a contribution by the clay rich 
porotholite.  
    With this stated the main sediment source is possible Scotland, although some 
lithologies could also originate from Greenland. No data from Norway suggests an 

Figure 21. The diagram represents the 206Pb/204Pb and 208Pb/204Pb isotope ratios in four 
samples from the Faroe-Shetland basin and for samples from Greenland retrieved by 
Kalsbeek et al., (1993). Group 2 is represented by a yellow circle and group 1 by a gray 
circle.  
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origin from this region and therefore it can be ruled out completely.       
 Furthermore the isotopes show that the metasediments were probably 
metamorphosed during the Caledonian orogeny. This can be stated as all samples 
can be correlated with metasediments from Scotland and Greenland that also has 
been metamorphosed during the Caledonian orogeny. 
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HM11673 HM11674 HM11678 HM11679 HM11680 HM11676 HM11702 

Ba PPM 313 625 396 457 313 64 1284 
Ni PPM 31         <20 21          <20 29          <20         <20 
Sr PPM 420 232 113 98 321 858 208 
Zr PPM 221 253 183 101 232 11 91 
Nb PPM 11 18 17 14 12            <5 9 
Sc PPM 7 7 38 9 13           <1 2 
Mo PPM 1,22 0,89 1,86 0,98 1,37 1,11 1,1 
Cu PPM 5,48 6,73 21,95 6,6 20,05 10,39 21,23 
Pb PPM 10,99 19,17 27,3 10,05 13,6 13,64 12,21 
Zn PPM 92,4 51,5 63 43,8 84,8 19,4 14,1 
Ag PPB 98 23         <20          <20 21 91          <20 
Ni PPM 27,6 11,8 22,7 10,1 31,8 5,3 3,7 
Co PPM 14 7,6 26,4 8,1 19,8 1,8 3,2 
Mn PPM 1145 469 4449 423 1321 650 283 
Fe % 2,75 2,53 10,16 3,13 4,95 0,9 1,31 
As PPM 2,2 0,9 10,1 1,9 2 2,1 3,3 
U PPM 3,7 1,7 2,6 1,6 1,3 0,4 0,3 
Au PPM         <0.1        <0.1         <0.1         <0.1         <0.1         <0.1        <0.1 
Th PPM 9,2 10,1 15 8,4 6,2 1 6,7 
Sr PPM 434 221 110 89 308 876 191 
Cd PPM 0,22 0,06 0,03 0,03 0,11 0,13 0,07 
Sb PPM 0,19 0,07 0,11 0,09 0,09 0,06 0,11 
Bi PPM 0,47 0,1 0,61 0,06 0,08 0,07       <0.04 
V PPM 51 43 113 45 77 6 11 
Ca % 8,8 0,94 0,84 0,72 2,32 37,6 1,26 
P % 0,038 0,041 0,049 0,016 0,038 0,036 0,028 
Cr PPM 44 29 77 28 54 28 14 
Mg % 4,41 0,72 1,11 0,73 1,11 0,27 0,29 
Ba PPM 338 633 405 413 317 65 1245 
Ti % 0,234 0,314 0,39 0,294 0,208 0,023 0,088 
Al % 6,39 5,67 10,38 6,49 7,54 0,63 6,68 
Na % 0,77 2,073 1,053 1,466 2,14 0,138 3,058 
K % 1,09 1,93 2,03 2,97 1,24 0,26 3,59 
W PPM 1,2 0,5 2,2 2 0,1 0,1 0,2 
Zr PPM 65,9 84,1 84,3 25,2 42,8 1,9 3,7 
Sn PPM 9,4 2,3 3,5 3,8 1 0,2 0,8 
Be PPM 5 2 2 4 2            <1 1 
Sc PPM 7,6 6,7 36,1 8,7 12,5 0,8 2,2 
S %       <0.04       <0.04       <0.04       <0.04       <0.04 0,48       <0.04 
Hf PPM 2,21 2,41 2,46 0,75 1,24 0,06 0,09 
Li PPM 68 34,1 23 16,5 8,4 1,1 1,5 

9. Appendix 

Table 1: Element abundance in the samples. 
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HM11683 HM11684 HM11675 HM11690 HM11697 HM11703 

Ba PPM 720 755 154 121 1014 912 
Ni PPM 30 58           <20 31           <20 25 
Sr PPM 76 132 43 96 243 925 
Zr PPM 142 270 123 127 425 211 
Nb PPM 6 55             <5             <5 25 13 
Sc PPM 6 16 2 4 7 9 
Mo PPM 1,28 0,87 1,68 1,17 1,04 0,81 
Cu PPM 7,3 5,45 10,25 8,67 7,67 10,84 
Pb PPM 3,44 16,51 4,48 1,8 9,86 12,08 
Zn PPM 30,6 135,7 9,1 43,2 44,8 46,3 
Ag PPB          <20          <20           <20 29           <20           <20 
Ni PPM 30,3 61,3 6,6 31 12,9 26,4 
Co PPM 7,5 24,5 2,2 9,4 8,8 12,9 
Mn PPM 247 638 151 267 393 533 
Fe % 2,56 4,95 0,98 2,79 3,26 2,91 
As PPM 1,2 1 2,1 2,8 3,4 2,4 
U PPM 0,6 0,9 0,3 0,1 0,2 1,4 
Au PPM          <0.1         <0.1          <0.1          <0.1          <0.1          <0.1 
Th PPM 4,9 12 1,7 6 12,6 12,5 
Sr PPM 76 119 45 96 244 888 
Cd PPM 0,04 0,04       <0.02 0,02 0,03 0,16 
Sb PPM 0,13 0,08 0,12 0,12 0,08 0,07 
Bi PPM       <0.04 0,06        <0.04       <0.04       <0.04        <0.04 
V PPM 54 93 8 32 48 58 
Ca % 0,2 0,09 0,08 1,72 1,95 1,73 
P % 0,024 0,031 0,007 0,048 0,116 0,008 
Cr PPM 145 69 23 24 20 77 
Mg % 0,86 1,49 0,15 0,55 0,93 1 
Ba PPM 693 731 153 118 981 887 
Ti % 0,202 0,222 0,062 0,178 0,54 0,386 
Al % 4,72 8,99 1,78 6,43 7,96 8,19 
Na % 1,757 1,322 0,503 2,438 3,628 5,021 
K % 1,44 3,09 0,64 1,37 2,44 0,88 
W PPM 0,3 0,4 0,2          <0.1 0,1         <0.1 
Zr PPM 16,8 60,5 25,4 6,4 7,2 28,2 
Sn PPM 1 3,2 0,6 1,1 2,7 0,9 
Be PPM             <1 3             <1             <1 1 1 
Sc PPM 5,8 14,7 1,1 3,5 6,5 8 
S %        <0.04        <0.04        <0.04        <0.04 0,07        <0.04 
Hf PPM 0,45 1,63 0,82 0,15 0,21 0,83 
Li PPM 9,5 42,1 11 20,8 9,1 4,9 
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HM11683 HM11684 HM11675 HM11690 HM11697 HM11703 

SiO2 % 67,1 61,38 92,35 70,38 63,18 64,53 
Al2O3 % 14,67 17,99 3,39 12,63 15,94 16,14 
Fe2O3 % 7,08 7,48 1,56 4,14 4,72 4,18 
MgO % 1,95 2,61 0,28 0,99 1,66 1,79 
CaO % 3,34 0,14 0,12 2,53 2,84 2,54 
Na2O % 2,88 1,7 0,64 3,25 4,76 6,55 
K2O % 1,45 4,01 0,79 1,6 2,9 1,05 
TiO2 % 0,59 0,78 0,1 0,34 0,93 0,68 
P2O5 % 0,09 0,08 0,03 0,11 0,28 0,02 
MnO % 0,17 0,09 0,02 0,04 0,05 0,07 
Cr2O3 % 0,009 0,012 0,003 0,002 0,002 0,01 
Rb PPM 46 145,4 20,7 23,8 35,1 29,1 
Ta PPM 0,2 0,3 <0.1 0,1 1 0,7 
Nb PPM 3,66 6,69 1,87 4,05 24,09 8,38 
Cs PPM 0,7 3 0,5 0,2 0,3 0,8 
Ga PPM 12,16 28,96 3,93 15,75 20,34 12,65 
 

  
HM11673 HM11674 HM11678 HM11679 HM11680 HM11676 HM11702 

SiO2 % 57,66 74,93 72,24 78,39 57,42 6,02 70,83 

Al2O3 % 11,06 11,47 13,15 9,72 19,27 1,13 13,76 

Fe2O3 % 3,88 3,57 4,63 3,71 14,65 1,32 1,94 

MgO % 7,58 1,24 1,27 1,52 1,86 0,44 0,53 

CaO % 12,16 1,44 1,14 0,28 1,13 50,75 1,9 

Na2O % 0,98 2,76 2,04 2,34 1,39 0,16 4,23 

K2O % 1,21 2,34 3,6 1,7 2,31 0,3 4,43 

TiO2 % 0,36 0,49 0,5 0,38 0,62 0,04 0,15 

P2O5 % 0,09 0,11 0,04 0,07 0,11 0,07 0,07 

MnO % 0,14 0,06 0,06 0,03 0,54 0,08 0,03 

Cr2O3 % 0,008 0,004 0,004 0,031 0,013     <0.002 0,004 

Rb PPM 58 84,8 107,5 146,6 53,3 13,2 89,3 

Ta PPM 0,4 0,7 0,9 0,7         <0.1         <0.1         <0.1 

Nb PPM 7,35 12,34 14,17 11 2,17 0,92 4,55 

Cs PPM 8,2 2,3 5 3,5 1,8 0,2 0,5 

Ga PPM 13,71 13,74 20,92 16,54 16,56 1,65 11,86 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




