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Abstract 

The Hardangervidda-Ryfylke Nappe Complex is the southernmost slice of the Scandinavian 

Caledonides, traditionally assigned as Middle Allochthon. Overlying these rocks are the 

Holmasjø Allochthon, the Dyrskard, Kvitenut and Revseggi nappes. The relationships 

between structures, metamorphism and radiometric ages show that thrusting of the Kvitenut 

onto the Dyrskard Nappe had occurred already during the Sveconorwegian orogeny (c. 1000 

Ma). The relationship between the nappes in Seljestadjuvet is, however, more enigmatic. The 

established nappe tectonostratigraphy must be changed as the unit initially described as the 

bottom of the Kvitenut Nappe has been re-defined as a separate tectonic lens of local 

significance in the Seljestad area. The protolith age of the tectonic lens (1522 Ma) reflects a 

Telemarkian origin, unlike the Kvitenut Nappe (1615 Ma).  

 

The Revseggi Nappe is the uppermost tectonostratigraphic unit of the Hardangervidda-

Ryfylke Nappe Complex. It consists mainly of gneisses and pelitic metasediments with veins 

of pegmatites, quartz, and with mafic- and felsic intrusives. The Revseggi Nappe displays a 

striking lithological and structural contrast compared to the Kvitenut Nappe below it. The 

contact between the Kvitenut and Revseggi Nappe involves tens of metres with mylonite 

gneiss, and a central (2-5 meters) ultramylonite with associated shear indicators, which 

proves the contact to be tectonic rather than depositional. Titanites from the ultramylonite 

reflect that peak metamorphism between the Kvitenut and Revseggi nappes occurred at 334 

Ma. Previous work has dated pegmatite in the Revseggi Nappe to 434 Ma and 450 Ma. The 

finding of a pegmatite with an age of 447 Ma indicates that there where two instructional 

events. A late Ordovician (c. 450 Ma), and a middle Silurian (434 Ma). 
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1 Introduction 

1.1 Aim of the study 

The study is based on structural fieldwork, microscope examination and U-Pb dating of 

zircon and titanite by ID-TIMS. The study area covers the Hardanger-Ryfylke Nappe 

Complex and comprises five nappes; from bottom to top: the Holmasjø Allochthon situated 

as a basal sedimentary layer under the Nupsfonn, Dyrskard, Kvitenut, and Revseggi nappes. 

This part of the tectonostratigraphy consists of Proterozoic rocks and has traditionally been 

assigned to the middle allochthon of the Caledonian nappe system (Roberts & Gee, 1985; 

Gee et al., 1985). Previous extensive mapping, structural- and geochemical analyses 

distinguished Mesoproterozoic ages for magmatic crystallization and subsequent thrusting of 

the Kvitenut Nappe onto the Dyrskard Nappe during the Sveconorwegian orogeny (995 ± 5 

Ma; Gabrielsen, 1976; Roffeis et al., 2013). The contact between the Kvitenut and overlying 

Revseggi Nappe has been more disputed, and it has been described both as primary and as 

tectonic in different studies (Jorde, 1973; Naterstad et al., 1973; Roffeis & Corfu, 2014b). 

The aim of the study has therefore been to establish the nature of the contact between the 

Kvitenut and Revseggi nappes, and evaluate the relationships between structural 

development, metamorphic events, and radiometric ages of the two units.  

More specifically, the focus of interest is as follows:  

 The contact between the Kvitenut and Revseggi units. 

 The relation between the mylonite zone in the Kvitenut Nappe and the possible 

overthrusting of the Revseggi Nappe. 

 The deformation and metamorphic histories of the Revseggi Nappe and the upper 

Kvitenut Nappe. 
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1.2 Study area 

In this study, the mountains around Røldal were examined. Røldal is a small mountain 

village, located in the western part of Norway. It is surrounded by great mountains, with the 

Hardangervidda mountain plateau to the north, Saudafjellet to the west, Haukelifjell to the 

east and Ryfylkeheiene to the south (Figure 1.1). Geologically, this area is characterized by 

Precambrian basement overlain by a nappe complex, namely the Hardanger–Ryfylke Nappe 

Complex. This nappe complex crops out in the mountains and valleys surrounding Røldal and 

consists mostly of a variety of deformed Precambrian rocks (Naterstad et al., 1973). The area 

has previously been mapped extensively in the 1970s and early 1980s (Andresen, 1974; 

Andresen and Færseth, 1982; Gabrielsen 1976, 1980; Jorde, 1973; Naterstad et al., 1973), and 

recently by Roffeis et al. (2013).  

 
Figure 1.1 An overview map of the study area, located in south-western Norway. 
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2 Geological setting 

In the following, the regional geology will be presented. First, by introducing the geological 

framework of southwest Norway and the main orogenic events affecting the rocks in the 

study area, namely the Sveconorwegian and the Caledonian. After this, the Caledonian 

allochthons are presented, followed by an introduction of the Hardanger–Ryfylke Nappe 

Complex. 

 

The Scandinavian Caledonides have been the subject of geological research for several 

centuries (Brøgger, 1893; Kjerulf, 1879; Rekstad, 1903; Reusch et al., 1902). The orogen was 

formed during the Caledonian orogeny when Baltica and Laurentia collided after the closure 

of the intervening Iapetus Ocean. Today, the Caledonides stretch along the entire length of 

peninsular Scandinavia for about 1500 km, from Jæren in the south to the Barents Sea in the 

north (Stephens & Gee, 1985; Torsvik et al., 1996) and its counterparts are found on the 

British islands, in Greenland and North America. However, the geological history of 

southwest Norway includes an older period, with rocks formed during the Sveconorwegian 

and older orogenies. Rocks from the Sveconorwegian orogeny are seen in large areas of 

southern Norway, with exposed autochthonous Meso- to Neoproterozoic basement assembled 

during this orogeny (Figure 2.1) (Bingen et al., 2008).  
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Figure 2.1 Tectonostratigraphic map of SW Norway where the nappes are highlighting the 

correlation between the different units. The study area is marked on the map (Roffeis & Corfu, 

2014a). 
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2.1 Precambrian 

2.1.1 Formation of the Precambrian basement in southern Norway 

The basement of southern Norway evolved mainly during two orogenic cycles. The Gothian 

orogeny (1750-1500 Ma) and the Sveconorwegian orogeny (1140-900 Ma). The Gothian 

orogeny resulted in a progressive accretion of plutonic rocks and deformation along the 

western margin of Baltica (Gaál & Gorbatschev, 1987). A significant portion of the 

Precambrian basement of Fennoscandia was formed during this orogenic cycle. 

 

At the end of the Mesoproterozoic, the Fennoscandian margin was extensively reworked 

during the Sveconorwegian orogeny, bracketed between ca. 1140 and 900 Ma. It is 

characterised by multiple magmatic events, local amphibolite- to granulite-facies 

metamorphism and commonly with a superimposed later metamorphic overprint and late 

fluid activity or retrogression processes (Bingen et al., 2005). The Sveconorwegian orogeny 

marks the final episode of a long-lived accretionary history at the active south-western 

margin of the Baltic shield (Bingen & Solli, 2009; Roberts & Slagstad, 2015; Torsvik & 

Cocks, 2005). The evolution is seen in the age and distribution of the main crust formation in 

Scandinavia with successively younging geological domains to the southwest (Gaál & 

Gorbatschev, 1987). The ages of crust formation and the expressions of the Sveconorwegian 

event can be used to subdivide the basement into two terrains, a Gothian (1660–1520 Ma) 

and a Telemarkian (1520–1480 Ma) terrain. The Gothian terrain includes the Idefjorden 

terrain, the Eastern Segment and the Western Gneiss Region, while the Telemarkia terrane 

comprises the Bamble-Kongsberg, Rogaland - Agder, Telemark, Suldal and Hardangervidda 

sectors (Figure 2.2) (Bingen et al., 2005).  
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Figure 2.2 Subdivision of the basement in Fennoscandia (Modified after Bingen et al., 2008). 

 

The nappe stack focused upon in the present study is situated at the intersection of two 

western sectors and what has traditionally been thought of as one of the youngest terranes 

within the Baltic shield, informally termed the Suldal- and the Hardangervidda sectors of the 

Telemarkia terrane (Bingen et al., 2005). The Hardangervidda sector consists of an 

amphibolite-facies gneiss domain with a generally E-W structural pattern and is exposed on 

the Hardangervidda plateau, west of the N-S trending Mandal- Ustaoset fault zone (Sigmond, 

1998). The Suldal sector is located southwest of the Hardangervidda plateau and is made up 

of alternating orthogneiss and meta-supracrustal complexes characterized by a SE-NW 

structural pattern and greenschist- to epidote-amphibolite-facies metamorphism (Sigmond, 

1978; Sigmond, 1998). 
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2.1.2 Development of the Sub-Cambrian Peneplain 

The Sveconorwegian orogeny contributed to the assembly of the supercontinent Rodinia. In 

the early Neoproterozoic, the Sveconorwegian orogeny entered the last tectonic phase, where 

the orogen got uplifted and underwent gravitational collapse (Gabrielsen et al., 2015). This 

was followed by the breakup of Rodinia (800 Ma) and the opening of the Iapetus Ocean from 

around 610 Ma, leading to the emergence of Baltica as an independent continent (Cocks & 

Torsvik, 2005; Li et al., 2008; Pease et al., 2008; Torsvik & Cocks, 2005). The breakup 

resulted in multiple stages of extension, leading to the formation of a hyperextended margin 

of Baltica (Abdelmalak et al., 2015; Andersen et al., 2012; Jakob et al., 2017). During the late 

Proterozoic, Baltica was situated at lower palaeolatitudes (Torsvik & Rehnström, 2001). The 

change in latitudinal positions, and hence climatic zones presumably affected the processes of 

peneplanization of Baltica and the development of the regional unconformity. Increased 

temperature and precipitation, and thereby chemical weathering and drainage, resulted in a 

low altitude and relief surface of remarkable extent known as the Sub-Cambrian Peneplain. 

This was covered by late Proterozoic to Ordovician sediments that today are found as 

unmetamorphosed sedimentary rocks in the foreland of the Caledonian orogen and as 

intensely sheared phyllites and mica schists underlying the Caledonian nappes. The sediments 

acted as the basal thrust or décollement zone during the Caledonian orogeny (Bockelie & 

Nystuen, 1985; Fossen, 1992; Milnes et al., 1997; Gabrielsen et al., 2015). 

2.1.3 The Caledonian orogeny  

The Caledonian mountain range resulted from the Paleozoic closure of the Iapetus Ocean, 

followed by oblique continent-continent collision between Laurentia and Baltica–Avalonia at 

c. 430 Ma (Figure 2.3), and can be divided into the Taconian- and the Scandian phase (Gee, 

1975; Stephens & Gee, 1989; Roberts, 2003; Torsvik & Cocks, 2005; Gee et al., 2008). The 
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Taconian event is recorded in the outboard terranes of the Iapetus Ocean and Laurentian 

margin and is also best represented north of the study area but is also recorded in the 

Sunnhordland, Jæren and Revseggi nappes (Pedersen et al., 1992; Roberts, 2003; Smit et al., 

2011; Ringstad, 2019). The Scandian phase represents the main continent-continent collision 

and thrusting of a nappe complex onto the Baltic continent at ca. 430-420 Ma (Gee, 1975; 

Stephens & Gee, 1985; Torsvik et al., 1996; Torsvik & Cocks, 2005). 

 
Figure 2.3 Global palaeomagnetic plate reconstruction during the Caledonian orogeny at (A) 490 Ma (Late Cambrian: 

Furongian), (B) 440 Ma (Early Llandovery: Rhuddanian), (C) 430 Ma (Late Llandovery: Telychian), and (D) 410 Ma 

(Pragian) (Torsvik & Cocks, 2016). 

 

As a result of the collision, an extreme crustal thickening occurred, as the leading edge of 

Baltica was subducted and extensively deformed followed by the nappes being thrust onto 

Baltic basement (Andersen & Andresen, 1994; Fossen, 2000; Kylander-Clark et al., 2009). 

These series of nappes were derived from both continents, Baltica and Laurentia, and from 

the Iapetus Ocean, however, the majority of the nappes in SW-Norway stems from the Baltic 
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crystalline basement, implying a shared pre-orogenic evolution with the autochthonous 

terrains (Gee et al., 1985). The collision was followed by late- to post-orogenic extension and 

erosion (e.g. Andersen & Jamtveit, 1990; Andersen, 1998; Fossen, 1992; Tucker et al., 2004). 

 

Due to extensive erosion, the Caledonian allochthons in southern Norway are now preserved 

in laterally disconnected segments. Some of the nappes have been transported at least 

hundreds of kilometres whereby the uppermost nappes experienced the longest transport. A 

significant scientific effort in the early 1980s led to a formalisation of the tectonostratigraphy 

of the Caledonides, as the nappe pile were grouped according to their origin and stratigraphic 

level into Lower, Middle, Upper and Uppermost Allochthons. (Roberts & Gee, 1985; Gee et 

al., 1985). The Lower Allochthon represent detached slices of Baltican basement and 

overlying sediments. The Middle Allochthon is also interpreted to be of Baltican origin and 

consist mainly of crystalline nappes. They are probably derived from the outer margin of 

Baltica. The Upper Allochthon is believed to be the outermost margin containing remnants of 

the Iapetus Ocean, while the Uppermost Allochthon is interpreted to be of Laurentian affinity 

and is only present in northern Norway (Roberts, 2003; Ramberg et al., 2008; Agyei-Dwarko 

et al., 2012; Augland et al., 2014). The distinction, however, may be oversimplified and 

should perhaps be applied only on the scale of the Caledonides as such, since it often fails to 

explain regional details. Furthermore, this Caledonian architecture, when applied to the 

Baltican or the Laurentian branches of the Caledonides is also controversial (e.g. Corfu et al., 

2014; Faerseth et al., 2011; Roberts et al., 2007; Sturt et al., 1978). Still applying this scheme 

in the study area; however, the nappes are assigned to the Middle Allochthon, containing 

mainly crystalline rocks, in most cases underlain by the Lower Allochthon, which comprises 

phyllites named the Holmasjø Allochthon. 
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The Caledonian nappe stack is affected by two major NE-trending detachments which were 

formed during post-collisional uplift and extension, namely, the Hardangerfjord Shear Zone 

and the Lærdal–Gjende Fault (Fossen & Hurich, 2005). The Nordfjord–Sogn Detachment 

occurs on the west coast of Norway and is overlain by prominent Devonian sedimentary 

basins (Andersen, 1998). 

 

2.2 The Hardanger–Ryfylke Nappe Complex 

The study area is dominated by the Hardanger–Ryfylke Nappe Complex, which has 

traditionally been assigned to the Middle Allochthon, implying these nappes to be a Baltican 

provenance (Gee et al., 1985). The Hardanger–Ryfylke Nappe Complex overlies the 

Proterozoic autochthonous basement and the basal sedimentary units, namely the Vidda 

Group and the Holmasjø Allochthon (Andersen, 1978; Andresen & Færseth, 1982). The 

affiliation implies that these nappes originate from the deeper margin of Baltica and where 

thrust onto the Baltic basement during the Scandian phase. The Hardanger–Ryfylke Nappe 

Complex includes five units, from bottom to top: the Holmasjø Allochthon and the Nupsfonn, 

Dyrskard, Kvitenut, and Revseggi Nappes (Figure 2.4). The Holmasjø Allochthon and the 

four nappes, Nupsfonn, Dyrskard, Kvitenut, and Revseggi, are described in more detail 

below. 
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Figure 2.4 Tectonostratigraphic columns of the Hardangervidda – Ryfylke Nappe Complex on two 

locations, Haukelifjell and Røldal. The thickness is not to scale. Modified from Gabrielsen et al. 

(1979) and Roffeis & Corfu (2014b). 

 

2.2.1 The Holmasjø Allochthon 

The Holmasjø Allochthon comprises non-calcareous schists and phyllites, commonly 

interspersed with thin quartzite layers and pods, and represents the lowermost nappe unit of 

the Hardanger–Ryfylke Nappe Complex (Naterstad et al., 1973; Andersen, 1978; Andresen & 

Færseth, 1982). The unit is metamorphosed at greenschist facies, with the formation of garnet 

and biotite recorded at some locations – although retrogression to chlorite is widespread 

(Naterstad et al., 1973). It is included in the Lower Allochthon by Gee et al., (1985). Locally, 

faults cut down into the basement so that slices of basement can be found along the base of 

the unit (Andresen & Færseth, 1982). In the field area, the Holmasjø Allochthon is observed 

as a thin layer with a thickness of approximately 15 meters. It consists mainly of strongly 
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foliated non-fossiliferous grey phyllites and non-calcareous schists and is separated from the 

overlying Dyrskard Nappe by a thrust zone. In the eastern domain, the Holmasjø Allochthon 

is overlain by the Nupsfonn Nappe, which is a tectonic wedge composed of granitic gneisses 

and intrusives with local migmatites and an inverted unconformity (Andresen, 1972; 

Andresen, 1974; Andresen & Færseth, 1982). The major minerals are quartz, white mica, 

chlorite and locally albite (Andresen, 1974). 

2.2.2 The Nupsfonn Nappe 

The Nupsfonn Nappe is described as the lowermost unit within the crystalline part of the 

Hardanger–Ryfylke Nappe Complex and is located 20 kilometres further east from the study 

area, at Haukelifjell. Andresen (1974) mapped it in the 1970s, and the following description 

is based on his observations. Geographically, it covers the area around Nupsfonn, where it 

occurs as a local wedge with restricted distribution between the underlying Holmasjø 

Allochthon and the overlying Dyrskard Nappe. The thickness is 300-400 meters but 

disappears within a distance of 2-3 km, where the Dyrskard Nappe is seen in contact to the 

Holmasjø Allochthon. The Nupsfonn Nappe is heterogeneous and consists of metasediments, 

migmatites, gneisses, metavolcanics and different types of intrusives. A characteristic feature 

is the more or less pronounced, brittle, cataclastic texture, which makes it difficult to decide 

whether it is a metamorphic sediment, or a strongly mylonitized intrusive with cataclastic 

layering. 

2.2.3 The Dyrskard Nappe 

The Dyrskard Nappe crops out in the western parts of the Hardangervidda, often in the 

valleys, where it builds the footwall of the mountains. The Dyrskard Nappe is primarily made 

up of meta-supracrustal rocks, of both sedimentary and volcanic origin, dominated by meta-
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basalts, meta-rhyolite, and meta-arenite in the east (Andresen & Gabrielsen, 1979; 

Gabrielsen, 1980). To the south and west, mica schists with interbedded meta-andesites 

constitute the Dyrskard Nappe (Kildal, 1973; Sigmond & Andresen, 1976). It can be divided 

into four different units, from bottom to top: (1) banded gneisses and blastomylonites of 

supracrustal origin, (2) quartzites, feldspathic sandstones and mica schists with minor basic 

and intermediate metavolcanics, (3) amphibolites with some quartzites and impure marbles 

and (4) acid metavolcanics, mainly metarhyolite (Andresen & Gabrielsen, 1979; Gabrielsen, 

1980). It is suggested that the Dyrskard Nappe rocks were subjected to two metamorphic 

events (Gabrielsen, 1980; Andresen & Færseth, 1982). The first unit is assigned to the 

Sveconorwegian event, where mineral parageneses indicate that the Dyrskard Nappe reached 

a metamorphic peak in upper greenschist to lower amphibolite facies conditions. It also 

recorded a later metamorphic event, with a breakdown of amphibole and biotite and growth 

of chlorite (Andresen, 1974; Gabrielsen, 1976). 

 

The Dyrskard Nappe was first dated by Andresen et al., (1974) who obtained an Rb-Sr 

whole-rock age of 1289 ± 80 Ma. With the same method, Gabrielsen et al. (1979) analysed 

the blastomylonite sequence from the thrust zone between the Dyrskard- and Kvitenut nappes 

and obtained an array with an apparent age of 1537 ± 41 Ma. More recent U-Pb analyses 

done by Roffeis et al., (2013) yield a protolith age of the metarhyolites in the upper domain 

of 1508 ± 4 Ma, which correlates to the Telemarkia domain. 

 

Hence, the mylonitic contact between the Dyrskard and Kvitenut nappes was regarded to be a 

pre-Caledonian shear zone (Gabrielsen et al., 1979; Gabrielsen, 1980). This theory was later 

verified by U-Pb data from syn-deformational pegmatites in the Dyrskard Nappe (985 ± 4 
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Ma) and from leucosomes (993 ± 17 Ma) and granite intrusions in the Kvitenut Nappe (999 ± 

5 Ma) (Roffeis et al., 2013).  

 

At first, Andresen & Færseth (1982) considered this unit to be correlative with Suldal Nappe. 

However, Roffeis et al. (2014) found the setting of the Dyrskard Nappe more comparable to 

the Telemarkian units, the Hallingskarvet, Espedalen and Eikefjord nappes. 

2.2.4 The Kvitenut Nappe 

The Kvitenut Nappe is located between the underlying Dyrskard and overlying Revseggi 

nappes. It is dominated by granitoid orthogneisses, ranging from quartz-dioritic to grano-

dioritic in composition. The nappe features multiple stages of deformation, most of which 

occurred at amphibolite-facies conditions, interpreted as pre-Caledonian (Gabrielsen et al., 

1979; Andresen & Færseth, 1982). Minor lithologies within the orthogneiss include marble, 

mica-schist, sillimanite-bearing metasediments and plagioclase-diopside-epidote rocks. The 

overall thickness of the Kvitenut Nappe varies from 100 m to 300 m (Andresen, 1974). The 

lowermost part of the unit features mylonitic gneisses related to the thrusting of the Kvitenut 

Nappe on top of the Dyrskard Nappe, whereas migmatite formation occurs in the upper part 

of the nappe (Naterstad et al., 1973). Minor intrusive bodies that cut earlier fabrics are 

standard, varying in composition from gabbro to granite. The intrusives have not been 

observed to cut the contact between the Dyrskard- and Kvitenut nappes (Naterstad et al., 

1973; Andresen & Færseth, 1982). Gabrielsen et al. (1979) reported an Rb–Sr whole-rock 

date of 1643 ± 88 Ma for the Kvitenut gneisses. A recent U-Pb zircon age of 1615 ± 6 Ma 

confirmed a Paleoproterozoic age for another sample from the Kvitenut Nappe (Roffeis et al., 

2013). This is more than 100 Ma older than the Dyrskard Nappe, and implies a different 

provenance between these two nappes. The Kvitenut Nappe is interpreted as a part of the 
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Gothian terrain, were the thrust zone between the Kvitenut and Dyrskard nappes represent the 

boundary between the Gothian terrane and rocks derived from Telemarkia (Roffeis et al., 

2013). 

 

The mylonitic contact between the Dyrskard and Kvitenut nappes was regarded to be a pre-

Caledonian shear zone (Gabrielsen et al., 1979; Gabrielsen, 1980). This was later verified by 

U-Pb data from syn-deformational pegmatites in the Dyrskard Nappe (985 ± 4 Ma) and from 

leucosomes (993 ± 17 Ma) and granite intrusions in the Kvitenut Nappe (999 ± 5 Ma) 

(Roffeis et al., 2013). These ages are all related to the thrusting of the Kvitenut Nappe on top 

of the Dyrskard Nappe. Both the Kvitenut and Dyrskard nappes are believed to have behaved 

as one block during the Caledonian thrusting. Late Sveconorwegian movements are recorded 

by titanite at 924 Ma (Roffeis et al., 2013). Caledonian peak metamorphism is dated at 434 ± 

1 Ma with overprints related to retrogression as late as 414 ± 2 Ma (Roffeis, 2012). 

2.2.5 The Revseggi Nappe 

The Revseggi Nappe is the uppermost nappe in the Hardanger–Ryfylke Nappe Complex. The 

thickness is estimated to be over 600 meters, but there is no upper boundary preserved. The 

contact to the underlying Kvitenut Nappe was mapped in the 1970s, and was first described 

as a tectonically disturbed primary contact (Jorde, 1973; Naterstad et al., 1973). This has later 

been suggested to be a tectonized contact, but further investigation is needed. Roffeis et al. 

(2013) dated metamorphic rutile from a metasandstone within the Revseggi Nappe to c.480 

Ma. They proposed a model suggesting the Revseggi Nappe to originate in the same fashion 

as the Jæren Nappe and that the unit underwent Ordovician metamorphism in a subduction 

system of the Iapetus Ocean. The appearance of metasandstone indicate a mud and silt-rich 

sedimentary environment that was disturbed by turbiditic flows at a continental slope. The 
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potential time of deposition is placed within a large period, constrained to be younger than 

the youngest detrital zircons dated in the metasandstone (c.1000 Ma) - and older than the 

oldest metamorphic age dated (c. 480 Ma) (Roffeis & Corfu, 2014b). A granodiorite has a 

Silurian age at c. 428 Ma and was by Roffeis & Corfu (2014) described as the youngest 

intrusive in the Revseggi Nappe. The granodioritic intrusions are described to have a lack of 

internal strain that can point to a late tectonic stage with less stress. Naterstad et al. (1973) 

already considered these as the latest intrusives, as he observed the intrusions to transect the 

mafic boudins. 

3 Geochronology -Theoretical foundation 

3.1 U-Pb dating 

Determination of the timescales for accessory mineral crystallisation is critical to help 

understand processes in magmatic and metamorphic environments. Isotope geochronology is 

a precise and essential tool to analyse the temporal and unique evolution of a rock and its 

related geodynamics. There are many analytical methods for determining isotopic ages of 

geological bodies, the most common being based on the radioactive decay series from 

uranium (U) and thorium (Th) to lead (Pb). This method is based on the decay of the two 

radioactive uranium isotopes, 235U and 238U, and accumulation of radiogenic 207Pb and 206Pb, 

and the decay series from 232Th into the stable 208Pb. The parent isotopes of uranium and 

thorium do not decay directly to Pb but follow a sequence of intermediate daughter isotopes. 

These chains of daughter isotopes, known as decay chains, are illustrated in Figure 3.2 

(Schoene, 2014). 

 

238U → 206Pb + 8⍺ + 6ꞵ − (T1/2 = 4468 Myr)      (1) 
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235U → 207Pb + 7⍺ + 4ꞵ − (T1/2 = 703 Myr)        (2) 

232Th → 208Pb + 6⍺ + 4ꞵ − (T1/2 = 14010 Myr)     (3) 

 

238U has a half-life of 4.468 billion years, while 235U has a half-life of 703.8 million years. 

This period is long enough to span across the history of our planet and at the same time, short 

enough that both parent and daughter isotopes can be measured. The paired nature for the 

decay systems of uranium (equation 1 and 2) provides an internal test of accuracy. The two 

possible ages (206Pb/238U & 207Pb/235U) in a given sample, should agree if the system has been 

closed to the mobility of parent or daughter (Davis et al., 2003). This method provides two 

decay series and enables one to determine two independent ages. In a diagram where both of 

these decay series are plotted against each other, an undisturbed decay from U to Pb will 

form a curve that represents a timeline, called a concordia. Each point on the concordia line 

represents an age, assuming that no U or Pb has been removed or added to the system 

(Figure 3.1). However, as Pb is a more mobile element than U in some minerals, like zircon, 

Pb-loss is common due to metamorphism or alteration. The Pb-depleted samples fall off the 

curve and become discordant. A discordia line links the discordant point to the ages of the 

protolith and the event causing Pb-loss. The degree of discordance rises with increasing Pb-

loss (Faure and Mensing, 2005). A U-Pb result should be concordant to be considered robust, 

although the degree of discordance can vary a lot, and can under favourable circumstances be 

extrapolated to find intercept ages that represent geologically significant events (Corfu, 

2013). 
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Figure 3.1 Illustrations of situations commonly encountered including inherited grains, mixed-age crystals 

that may define a chord, concordant data on single-domain crystals, and discordant analyses on crystals with 

surface-correlated Pb loss due to radiation damage. Modified from Parrish & Noble (2003). 

A key element in dating rocks is to identify and separate mineral grains that are suitable for 

analysis. The crystallisation of a mineral is defined by the minerals specific closing 

temperature and is considered as the starting point of the radioactive clock. This is the age 

obtained by dating if nothing disturbs the U-Pb isotope system at a later stage. The ideal 

mineral for analysis should incorporate a high amount of U and contain as little as possible 

initial Pb so that the Pb in the mineral only derives from decay and no correction of common 

Pb has to be performed (Faure & Mensing 2005). In this thesis, zircon and titanite have been 

dated; some of their characteristics are summarised below. 
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Figure 3.2 Illustration of the U-Th-Pb decay chains. The isotopes occur in a given decay chain and are colour-coded to its 

parent isotopes, which are outlined in red, as are the stable daughter isotopes of Pb. Figure from (Schoene, 2014). 

3.1.1 Zircon (ZrSiO4) 

Zircon is a widespread and robust mineral, found as an accessory phase in many different 

rocks, and is the mineral of choice for dating the crystallisation of igneous rocks. The crystal 

structure of zircon favours the incorporation of uranium, while it excludes Pb and many other 

elements from its structure during crystallisation (Speer, 1982). These characteristics mean 

that zircons usually have a low content of common Pb, and the U/Pb-ratio upon formation, 

therefore, is high. Zircons also have a very high retention temperature for Pb (usually 

>900˚C) and is a mineral that can survive a high-grade metamorphic event and even possible 

melting (Cherniak & Watson, 2003). Since zircon is generally the only Zr-rich mineral in 

rocks, it does only participate in reactions when it interacts with Zr that has been dissolved in 

trace amounts in other phases in the rock, or with Zr-bearing fluids. This means that U-Pb 

systematics in zircons retain information from the original igneous crystallisation, even 
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though zircon overgrowth in high-grade rocks can occur. Due to this, they can reflect the 

primary geological event. However, they do not always represent the primary age, since they 

can also form during metamorphism, metasomatic events or in melts (Roffeis et al., 2012). In 

numerous situations, especially in polymetamorphic terrains like the Caledonides, the sample 

can contain more than one generation of zircon. A careful distinction of different zircon 

generations can reveal different events. 

3.1.2 Titanite (CaTiSiO5) 

Titanite is a reactive mineral, common in plutonic and metamorphic rocks. It is an essential 

mineral for U-Pb dating as it can incorporate uranium in its structure. Because of its calcic 

composition, titanite more commonly occurs in calcium-rich rocks, where the rocks Ca/Al 

ratio is important in determining the presence of titanite (Thieblemont et al., 1988; Force, 

1991).  Due to high closing-temperature of Pb diffusion (up to 700°C) titanites can, similar to 

zircons, reveal essential information on high-temperature events (Frost et al., 2001; Scott & 

St-Onge, 1995). However, titanite behaves differently from zircons in high-temperature-

events. Since many rocks contain numerous phases with Ti and Ca, titanite is, in contrast to 

zircon, quite reactive in high-temperature environments (Scott & St. Onge, 1995). U–Pb 

titanite ages are likely to indicate the age of metamorphic crystallisation, rather than resetting 

by simple diffusion. Due to this, metamorphic titanites may yield complex U–Pb systematics 

that contains information on the whole metamorphic history of the rock. Titanite frequently 

yields significant amounts of common Pb, which is Pb not produced from in-situ radiogenic 

decay. This needs to be accurately accounted for by doing a correction in order to calculate 

the exact age. 
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3.2 Cathodoluminescence (CL) 

The zircons are extremely variable in term of external morphology and internal textures. Due 

to its ability to survive magmatic, metamorphic and erosional processes, these events tend to 

be preserved as distinct structural entities on pre-existing zircon grains (Corfu et al., 2003). 

Insight into the internal texture of zircon has been provided by Cathodoluminescence (CL) 

imaging. By interpreting these images, it is possible to determine different growth zones and 

to help locate in situ analysis locations of different isotopic age (Figure 3.3). 

 

 
Figure 3.3 Example of zircons appear in Cathodoluminescence (CL) images. The grains shown are 

from sample KW-18-15 and KW-18-12. 

 

3.3 Isotope Dilution-Thermal Ionization Mass Spectrometry (ID-

TIMS) 

All U–Pb analyses during this work were conducted by Isotope Dilution Thermal Ionization 

Mass Spectrometry (ID-TIMS), at the Department of Geosciences, University of Oslo. It is a 

precise but time-consuming method for dating. The specific laboratory procedures are 

presented in more detail below. The principle of mass spectrometry is to separate charged 
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atoms and molecules based on their mass as they move through a magnetic field (Figure 3.4). 

Modern instruments include three primary components: 1) Ion source, where the ions are 

produced, accelerated and focused; 2) analyser, where the beam is separated based on the 

mass/charge ratio; and 3) the collector, where the ion beams are measured (Faure and 

Mensing 2005). 

 
Figure 3.4 A simplified sketch of the mass spectrometer. The first module is 

the sample chamber; next is the heat source, followed by an arrow indicating 

the acceleration direction. Then the magnet module bends the trajectory of 

the ions according to their charge-to-mass ratio before they are collected by 

the faraday cups (yellow) where each one represents a different ion. 

 
 

4 Methods 

The methods and procedures used in this study are presented in this chapter. The structural 

geology was performed particularly to support the investigations of the contact between the 

Kvitenut and the Revseggi nappes and to provide a framework for radiometric dating. The 

structural analysis included analysis of the deformation history. Remote sensing data were 
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applied prior, during, and after the field studies. Thin-sections were produced for 20 selected 

samples, and U-Pb dating of zircons and titanites using ID-TIMS (Isotope Dilution Thermal 

Ionisation Mass Spectrometry) was performed on selected rock samples. 

4.1 Mylonite classification and nomenclature 

The classification of fault rocks (i.e. protomylonite, mylonite and ultramylonite) used in this 

thesis is based on the classification scheme developed by Braathen et al. (2004) in accordance 

with the definitions of Figure 4.1. The related deformation structures (Figure 4.2) are based 

on the classification scheme and nomenclature from Passchier et al. (2005). 

 

 
Figure 4.1 Classification based on deformation style and mechanism, and cohesion during formation 

(Braathen et al., 2004). 
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Figure 4.2 Schematic diagram showing the geometry of a mylonite zone and the nomenclature used. 

For thin sections parallel to the aggregate lineation, the most common types of shear sense indicators are 

shown. Modified from Passchier & Trouw (2005). 

 

4.2 Field Work 

The fieldwork was conducted on four different occasions between July and October 2018. 

Totally 12 days were spent in the field. The field areas altitude, location and topography 

frequently led to poor weather conditions, so the fieldwork was highly dependent on the 

weather forecast.  

 

The first period of the fieldwork was used to get a general overview of the area, including the 

nappe complex at four different locations: Røldalsfjellet, Valldalen, Sandvatnet, and 

Holmanuten. All the areas were documented by photos and sketches, in addition to collecting 

rock samples and obtaining structural data. The main focus was on the mountain pass over 

Røldalsfjellet, as this area is easily accessible by a tourist road, offering a 10 km long road 
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cut through both the Kvitenut and Revseggi nappes. In addition to these nappes, the 

basement, Holmasjø Allochthon and the Dyrskard Nappe are well exposed in this area. A 

geological cross-section was produced along this section. 

4.2.1 Sampling 

Rock samples from the nappes were collected for structural- and mineralogical description, 

and age determination by ID-TIMS geochronology. Samples were collected using a 

geologist's hammer, and hand chisel (no drill samples were taken) and relevant samples were 

orientated by marking up-direction, and north, to determine kinematics. All rock samples and 

thin sections have been given the prefix KW18-, and are stored at the Department of 

Geoscience, University of Oslo, where they are available for additional investigations. The 

thin sections were produced at the department's thin section laboratory, by Salah Al-Din 

Akhavan. 

4.3 Remote Sensing 

Remote Sensing was used to acquire data complementary to the field observations. This 

method is an efficient way to study large scale geological features and is based on Landsat 

Images. As extensive (post-thrusting) extensional faults are abundant in the study area, the 

lineament study was used to detect and delineate surface and near-surface geological linear 

structures to generate a lineament map. The term “lineament” is defined as a linear or 

curvilinear feature of a surface whose parts may be the appearance of a fault or other line of 

weakness. Linear features interpreted on images are initially named lineaments; if 

observations from fieldwork establish the presence of structural offset, they are then referred 

to as faults (O’Leary et al., 1976; Sabins, 2007). Lineaments commonly appear in groups 

characterised by common orientation or style. Such groups will be termed as ‘lineament 
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populations’. Furthermore, the term ‘lineament zone’ is used and is characterised by a higher 

lineament density, compared to neighbouring areas (Gabrielsen et al., 1984; Nystuen, 1989). 

The observed lineaments were digitised directly on the map, where both the lineaments 

length and direction were plotted in a rose chart  

4.4 Sample selection and preparation 

The selected samples for geochronological analysis were crushed and separated before using 

mass spectrometry for U-Pb dating. The methods are described in the following sections.         

 

Sample Lithology Unit Thin Section ID-TIMS 

KW-18-6A Ultramylonite Kvitenut Nappe Yes Yes 

KW-18-12 Orthogneiss Kvitenut Nappe Yes Yes 

KW-18-15 Pegmatite Revseggi Nappe - Yes 

Table 4.1 Samples used for analysis by ID-TIMS 

            

4.4.1 Mineral Separation 

The mineral separation stage is intended to separate grains of zircon and titanite from the 

rock samples. All samples were massive rocks and needed to be crushed to a fine grain size. 

Before crushing, the samples were washed to remove dust and biotic material. The samples 

were crushed into coarse fragments in a jaw crusher, followed by crushing in a Retsch cross 

beater mill. The crushed sample was then washed on the Wilfley table, to separate heavier 

mineral grains from dust, and the lightest minerals. The heavy mineral portion was dried, and 

further separated using a 250 μm sieve. Grains < 250 were sent through a magnetic freefall 

separation and the Frantz magnetic separator to eliminate magnetic material. The sample was 

further separated by using dense liquid (DJM; ρ=3.2), to sort out mineral grains with ρ>3.2. 

The final step was to carefully hand-pick out single grains of both zircon and titanite under a 

binocular microscope, based on morphology, transparency, colour and internal textures.                     
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4.4.2 Annealing and Abrasion 

Annealing and abrasion are important methods to eliminate discordance caused by Pb loss, 

and the presence of older cores or grains. Because of radioactive decay of U and Th, the 

radiation damage will gradually break down the zircons crystal structure (Huyskens et al., 

2016). To obtain high-precision and high-accuracy U–Pb ages, the zircons were annealed to 

restore the crystal lattice of the low to medium damaged parts and chemically abraded to 

remove the domains that had undergone lead loss (Mattinson 2005). For the chemical 

abrasion, a bulk zircon fraction from each sample was first annealed in an oven at 900°C for 

60 hours in a quartz beaker after which the grains were placed in a teflon bomb and held in 

HF at about 180°C overnight to remove the more soluble parts. The method can only be 

applied to zircons that are not too strongly metamict. Strong metamict grains would dissolve 

completely. The titanites were abraded by using air-abrasion (Krogh, 1982).  

4.4.3 ID-TIMS procedure 

The mineral grains were washed in dilute HNO3, H2O and acetone, in an ultrasonic bath to 

remove any contamination. The next step was to dry the grains on a hot plate, before 

weighing them on a microscale and spike them. The spike is a known reference solution of 

202Pb-205Pb-235U mixed with the sample and used to calculate its U/Pb ratio. After spiking, 

the zircons were dissolved in HF (+HNO3) at ca. 195°C, and titanite on a hot-plate, for five 

days, while micro-columns with an anion-exchange resin was prepared and cleaned.  The 

samples were passed through the columns to elute Zr, Hf and trace elements purifying Pb and 

U (Krogh 1973). The Pb and U solutions are then measured on the mass spectrometer, after 

which the known spike composition is subtracted from the sample, to calculate the samples 

isotopic composition (Faure & Mensing, 2005). 
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4.5 Presentation of results 

The U-Pb results are presented as error ellipses in a concordia diagram. The ellipses represent 

the age and absolute uncertainty for each individual mineral grain analysed. 

Photomicrographs and Secondary Electron Microscope CL (Cathodoluminescence) images 

have been taken off all analysed zircon grains. Only photomicrographs were obtained from 

the titanites. The photomicrographs are useful as they give a perception of the morphology 

and colour of each grain. The field of view in the pictures is one square millimetre (mm2). 

The CL-imaging is helpful as zircons are extremely variable in terms of external morphology 

and internal textures such as oscillatory zoning, and give the opportunity to detect internal 

volume expansion caused by metamictization and chemical alteration, and make it possible to 

detect grains that have undergone relevant episodes of magmatic or metamorphic 

(re)crystallisation (Corfu et al., 2003). 

5 Description 

In the following chapter, the results from the fieldwork and the remote sensing are presented. 

Initially, the geological map of Røldalsfjellet and a cross-section are introduced, followed by 

a lineament map. Then the individual nappes and their structures are described on a macro-

scale as observed during fieldwork and the observations correlated to previous works. 

Subsequently, the structural data are presented. Lastly, the geochronological data from the 

three analysed samples are presented. A summarised petrographic description of rocks and 

observations of microstructures within the individual nappes is given as a background for the 

selection of rock samples for the geochronological study. 
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In the following, a description of the contact between the Dyrskard and the Kvitenut nappes, 

and the Kvitenut and Revseggi nappes are given, presenting the lithologies of these units and 

thereafter the structural patterns affecting them. The fieldwork was done on the basis of the 

geological 1:50 000 map sheet Røldal, compiled by the NGU (Jorde, 1977). The fieldwork 

has been done in five different areas around Røldal, though the main focus has been on the 

mountain pass over Røldalsfjellet and Seljestadjuvet (Figure 5.1). 

 

 
Figure 5.1 Overview of the study area and the localities, marked with green stars. Sample localities are marked and given with 

corresponding ages in Ma. The red square shows the location of the cross-section (Figure 5.3). 
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Since the entire nappe-stack, the underlying Holmasjø Allochthon and the basement are 

exposed on Røldalsfjellet and Seljestadjuvet, a geological cross-section is made based on 

observations and structural data obtained in the field (Figure 5.2 and Figure 5.3). 

 

The geological units have a NE-SW trending strike and a dip towards SE. The boundaries 

between the units follow the same orientation as the geological units themselves. A major 

normal fault cuts across the central part of the map area with the north-western part as the 

downthrown block. Parts of the Holmasjø Allochthon, Dyrskard Nappe, and Kvitenut Nappe 

are dragged into the fault zone, striking NNE-SSW and with a dip towards WNW (Figure 

5.4). 

 
      Figure 5.2 Schematic geological cross-section through Seljestadjuvet and Røldalsfjellet. The framed area around the 

      extensional fault is enlarged and seen from the field in Figure 5.4. 
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Figure 5.3 The map comprises Seljestadjuvet and Røldalsfjellet, where all the different units are 

exposed. The line A-A’ corresponds to the cross-section. Structural data is marked on the map. 

Sample localities are marked and given with corresponding ages in Ma. 



 

 

32 

 

 
Figure 5.4 Field observation showing the major normal fault zone that affects all 

five tectonic (nappe) units in the NW-part of the section (Figure 5.2). Note, the 

observation is from a different direction and mirrored compared to the profile. 

 

5.1 Remote Sensing 

The field study was supported by the use of remote sensing data, both in the preparation for 

the fieldwork and in the aftermath to conform field observations. In this context, a lineament 

map was generated by using Landsat data (open Google file) in a section that covers 

Seljestadjuvet and parts of Røldalsfjellet. From the lineament map, three different lineament 

zones (subareas) were identified, termed 1, 2 and 3 (Figure 5.5). Lineament zones 1 and 3 
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cover the mountain plateau of Røldalsfjellet and are separated by zone 2, a gorge stretching 

through the area in an NW-SE direction. Lineament zone 1 and 3 have significant similarities 

in both length and orientation, where two main lineament populations of approximately NW-

SE- and NE-SW-trending are of particular significance (Figure 5.5). 

 
Figure 5.5 A lineament map over Røldalsfjellet and Seljestadjuvet. The map is divided into three lineament zones, with a 

rose diagram generated from each zone. The large extensional fault is also marked on the lineament map. 

 

 

 

● The rose diagram indicates that zone 1 has the highest lineament-concentration 

striking in a NNW-SSE direction, with 500-1000 meters as the dominant length and 

reaching a maximum length of 4500 meters. Sets of shorter lineaments are observed 
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trending NW-SE. The second trend in zone 1, is a uniform distribution of lineaments 

trending NNE-SSW and NE-SW, ranging from 500 - 2000 meters.  

● In zone 2, the lineaments indicate a NNW-SSE trend and consist of mainly 500-1000 

meters long lineaments, but with a few outliers, reaching up to 3500 meters. 

Subordinate sets shorter than 500 meters are trending NE-SW in zone 2.  

● Zone 3 is similar to the lineaments observed in zone 1 and has two equal dominant 

directions oriented WNW-ESE and NNE-SSW. They consist mainly of lineaments 

ranging from 500-1500, and with the longest up to 3500 meters. 

● A large extensional fault is identified from the field (Figure 5.5). It was first drawn 

up as two lineaments but is seen to cut through all three zones, perpendicular to 

Seljestadjuvet in a NE-SW direction. 

5.2 Tectonostratigraphic description  

A tectonostratigraphic column based on the field observations and the analysed samples is 

presented in Figure 5.6. The figure illustrates the relative tectono-stratigraphic positions of 

the units described in the following section, and the location of samples used for the U-Pb-

analysis. Results from previous work have been included to increase the level of detail and to 

obtain a greater understanding of the area. (Gabrielsen et al., 1979; Roffeis, 2012; Roffeis et 

al., 2013; Roffeis & Corfu, 2014b; Ringstad, 2019). Each observation in Figure 5.6 is 

numbered from 1-17 and referred to in the following description. 
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Figure 5.6 A tectonostratigraphic column with the placement of field observations and ages. The different observations 

are numbered (1-17). Previous geochronological work is combined to obtain a better understanding of the area (Roffeis et 

al., 2013; Roffeis et al., 2014b; Ringstad, 2019). 
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5.2.1 The Dyrskard Nappe 

The Dyrskard Nappe is composed of 

sedimentary and volcanic supracrustal rocks, 

dominated by metarhyolites, metabasalts and 

quartzites (Andresen & Gabrielsen, 1979; 

Gabrielsen, 1980). This unit was not the 

focus of the description. Thus, observations 

obtained from the Dyrskard Nappe are 

limited. 

 

 The Dyrskard Nappe is located between the 

underlying sedimentary unit, the Holmasjø 

Allochthon, separated by a thrust 

zone(Figure 5.6 row 15), and the overlying 

Kvitenut Nappe, separated by a pre-Caledonian thrust zone (Gabrielsen, 1979; Roffeis et al., 

2013) (Figure 5.7). During the present study, the upper part of the Dyrskard Nappe has been 

described at outcrops seen on Røldalsfjellet, Seljestadjuvet and in Valldalen. The Dyrskard 

Nappe consist mainly of meta-supracrustal rocks, but the upper part (in Seljestadjuvet) is 

represented by mylonitized orthogneisses consisting of quartz, feldspar and biotite, indicating 

an increasing strain intensity towards the contact to the Kvitenut Nappe (Figure 5.6 row 9). 

 

A folded outcrop from the upper part of the Dyrskard Nappe is observed to have a SW 

trending fold axis, with a SE vergence (Figure 5.8). The orientation of the folds coincides 

with previous observations (Roffeis et al., 2013) and have been interpreted to be related to 

thrusting of the Kvitenut Nappe onto the Dyrskard Nappe (Gabrielsen, 1980) 

 

Figure 5.7 The contact between the Kvitenut- and 

underlying Dyrskard Nappe, seen on Røldalsfjellet. 
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Figure 5.8 A folded outcrop from the Dyrskard Nappe with a top-to-the-southeast movement. 

 

5.2.2 The Kvitenut Nappe  

The Kvitenut Nappe is dominated by granitoid orthogneisses, including different units that 

range from quartz-dioritic to granodioritic in composition. Subordinate lithologies within the 

Kvitenut Nappe include marble, mica-schist, sillimanite-bearing metasediments and 

plagioclase-diopside-epidote rocks (Naterstad et al., 1973; Gabrielsen et al., 1979; Andresen 

& Færseth, 1982). 

5.2.2.1 Lithological description 

In the study area, the Kvitenut Nappe consists of well-foliated banded quartzofeldspathic 

gneisses with a mylonitic-blastomylonitic fabric. Characteristic lithologies are also gneissic 

intrusive bodies ranging from gabbroic to granitic that cut earlier fabrics, and lenses of 
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amphibolite (Figure 5.6 row 11). These intrusives are, however, not seen to cut the boundary 

into the overlying Revseggi Nappe nor to the underlying Dyrskard Nappe. Outcrops of the 

unit are found in Seljestadjuvet, Røldalsfjellet, Valldalen, Sandvatnet and Holmanuten. At 

Seljestadjuvet, the total thickness of the Kvitenut Nappe is approximately 100 meters, which 

is relatively thin compared to other areas, e.g. on Haukelifjell, further east. In Seljestadjuvet, 

the mylonite gneisses dominate the entire sequence, ranging from ultramylonite to mylonite, 

blastomylonite and mylonite gneiss. 

 

A hand sample from the Kvitenut Nappe 

(Figure 5.9) shows a coarse-grained mylonite 

gneiss composed chiefly of feldspars and 

quartz, and with lesser amounts of mica 

(mainly biotite). The sample has a granitic 

composition and a strong foliation with a 

layering of feldspar- and biotite-rich layers. It 

has the characteristics of an augen gneiss with 

lenticular eye-shaped porphyroclasts of 

feldspar up to 2 centimetres in diameter, 

wrapped around by fine-grained feldspar, 

quartz and biotite, forming the metamorphic 

banding. A similar lithology is reported from the contact between the Dyrskard and Kvitenut 

nappes by Gabrielsen et al., (1979). The protolith of the sample is not obvious, but a previous 

description of the unit refers to granodioritic and granitic gneisses (Naterstad et al., 1973), 

which is generally appropriate for the sampled outcrop in Seljestadjuvet. 

 

Figure 5.9 A hand sample of an augen gneiss in the 

Kvitenut Nappe (KW-18-17). It has a mylonitic 

texture with feldspar augen up to 2 centimetres in 

diameter. The sample shows strong foliation with the 

layering of feldspar- and biotite-rich layers. 
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The following is a generalised petrographic and microtextural description of the mylonitic 

banded gneisses from the Kvitenut Nappe. It is based on eight thin sections from different 

localities within the field area. The mylonitic gneisses generally have a fine-grained matrix 

with a strongly developed foliation and felsic- and mafic bands containing lenses (Figure 

5.10). The felsic bands comprise quartz, feldspar, and minor biotite, kyanite and titanite 

grains. The more mafic bands comprise a much greater content of biotite. The alternating 

bands of different composition are believed to represent sheared igneous lithologies. Some of 

the lenses are strongly elongated single-grains of both quartz and feldspar where shape and 

size vary – indicating different grades of deformation. These grains are fairly rounded and 

spherical and most likely originated as phenocrysts that have undergone grain size reduction 

during mylonitization.  

 

The dominant lithologies in the Kvitenut Nappe are granitic gneisses that contain mainly 

quartz, feldspars and micas. These observations concern only our study area but are similar to 

earlier observations done by Roberts (2010). Quartz is the dominant matrix material and 

makes up 50% of the samples and creates a mosaic of anhedral grains in PPL, where the grain 

size varies from 0.1 to 1 mm. Subgrains occur as an elongated belt, next to the largest quartz 

grains. Feldspar shows 0.2-1 mm anhedral grains in PPL, covering approximately 30% of the 

section. Coarser grains of feldspar occur as porphyroclasts with the foliation wrapped around 

the clasts, whereas recrystallised sub-grains due to subgrain-rotation are seen around the 

porphyroclasts. Deformation twins are observed in some of the feldspar grains. Biotite is 

fine-grained and make up 5-10% of the mylonitic gneiss. Muscovite has, in general, a coarser 

grain size than biotite and constitutes approximately 10% of the samples. The muscovite is 

orientated as mica-fishes which help to determine the sense of shear in the rock. Chlorite 

covers 10% of the sample. There is between 1 and 5% of kyanite as slightly grey coloured 
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crystals with a weak pleochroism. A colourless to a pale yellow mineral is identified as 

staurolite and covers 5-10% of the section. Fluorite occurs as an accessory mineral and makes 

up < 1% of the sample. Opaque phases make up ≤ 1% of the sample. Zircon and titanite occur 

as accessory phases. 

 

 
Figure 5.10 Mylonite gneiss, sample KW-18-16. A representative region of the thin section as seen 

through the ocular of the microscope in PPL (left) and XPL (right). Magnification 4P. The mylonite 

gneiss is deformed showing a sinistral shear direction (southeast). 

5.2.2.2 Structural description 

Kinematic indicators observed in the Kvitenut Nappe indicate two types of shear, top-to-the-

southeast and top-to-the-northwest, although it is mostly dominated by the former. 

 

The contact between the Dyrskard and Kvitenut nappes is defined by a shear zone consisting 

of blastomylonitic gneisses, equivalent, but subjected to a greater deformation intensity than 

the augen gneisses and granodioritic gneisses higher up in the succession. A variety of large-
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scale deformation structures was observed along the nappe boundaries, but intensive shearing 

also occurs within the nappe, as in Seljestadjuvet, where the entire Kvitenut sequence is 

observed with a mylonitic texture. The wide zones of mylonites made it challenging to place 

the boundary to the underlying Dyrskard Nappe accurately. 

 

Observations from the field showed small-scale macroscopic shear indicators of feldspars, 

varying in size from a few millimetres in thin-sections, up to 15 cm in diameter. 

Porphyroclasts were observed in the orthogneiss at the contact between the Kvitenut and 

Revseggi nappes, section (Figure 5.6 row 9). The clasts observed at this outcrop are sigma-, 

delta- and phi-clasts, which are formed by different mechanisms (Figure 5.11). 

 
Figure 5.11 The photo was taken at the contact between the Kvitenut- and Revseggi Nappe with a clear 

boundary between the ultramylonite and the mylonite. The shear movement is indicated in the mylonite, 

with arrows showing top to the southeast. 
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The large porphyroclast in Figure 5.11 A, has two tails emanating from the clast in the shear 

direction, indicating a σ-type. The three other highlighted clasts indicate an anti-clockwise 

rotation and are defined as δ-types. They are developed from a σ-clast, as a result of the clast 

itself rotating significantly. Asymmetric folds are seen around clasts and represent quarter 

structures. All the observed clasts indicate a dextral shear sense, with top-to-the-southeast 

shear-direction. Porphyroblasts with a top-to-the-northwest sense have not been observed. 

The porphyroclasts are a valuable source of information on the local tectonic and 

metamorphic evolution as they allow a reconstruction of the relative timing of mineral 

growth, reflecting metamorphic conditions, and deformation. 

 

Shear-folding occurs on a cm- to meter-scale and is generally prevalent in the Kvitenut 

Nappe. The recurring trend is asymmetric and overturned folds. Additionally, open folds at a 

larger scale were observed. Folds in the Kvitenut Nappe have a fold axis trending northeast-

southwest, where the majority are characterised by southeast vergence. There are also folds 

characterised by northwest vergence. These structures are believed to be an overprinting of 

the top-to-the-southeast structures, related to the backsliding of the nappes (Fossen & 

Rykkelid, 1992). A shear zone with both contractional and extensional structures is observed 

in the upper part of Kvitenut (Figure 5.12). The structures involve asymmetric folds at a 

meter scale that at a point have ruptured and developed a thrust fault. The structures indicate 

a top-to-the-northwest movement. The internal foliation shows the presence of smaller 

centimetre scale folds inside the major fold. As they differ in terms of strain and formation 

mechanisms, it is assumed that they belong to an earlier folding event than the large folds. In 

addition to this, there is evidence of extensional structures formed by normal faults and fish-

shaped boudins. These observations are only seen on a centimetre scale and indicate a top-to-

the-southwest sense of shear (Figure 5.12 B-C). 
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Figure 5.12 Outcrop from the upper Kvitenut Nappe, at Holmanuten. (A) The structures involve asymmetric folds 

and thrust faults that indicate a top-to-the-northwest movement. (B-C) Centimetre scale folds and extensional 

structures as faults and boudins, indicating top-to-the-southwest sense of shear. See hammer for scale. 

 

The contact towards the Revseggi Nappe contains a sequence that has undergone an even 

more significant grain size reduction and is characterised by an ultra-mylonitic texture. And 

while the mineral composition differs greatly between the Kvitenut and Revseggi nappes the 

mylonitic texture is preserved through the contact. These observations were made both from 

the field and in the thin section. 

5.2.2.3 Structural data 

In general, both foliation and lineation have a very consistent orientation across the Kvitenut 

Nappe, as seen in the stereographic projections A) and B) in Figure 5.13. The foliation 

(n=44) shows an orientation with a sub-horizontal dip direction clustered around SE. The 
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foliation-data obtained from the Kvitenut Nappe, close to the contact of the Revseggi Nappe 

are labelled in green (n=13) and have a consistent orientation with 10 poles dipping towards 

SE. The lineations plunge in general at a shallow angle to the SE, with a distinct domination 

towards 120 degrees. 

 
Figure 5.13 Stereonet plot of measurements from the Revseggi Nappe. (A) The lineation data is orientated to SE. (B) The 

poles of the foliation has a dominating dip-direction towards SE.  

 

5.2.3 The Revseggi Nappe 

The Revseggi Nappe overlies the Kvitenut Nappe with a strikingly different lithology (Jorde 

1973). It consists mainly of gneisses and pelitic metasediments with veins of pegmatites, 

quartz, and with mafic- and felsic intrusives. The rocks are locally garnet-rich and contain 

kyanite and staurolite (Roffeis et al. 2014). In the study area, the outcrops are found in a 

harsh terrain on the mountaintops. Therefore, Seljestadjuvet and Røldalsfjellet have been the 

area of focus, as this is easily accessible by car. 
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5.2.3.1 Lithological description 

As mentioned earlier, the Revseggi Nappe is separated from the Kvitenut Nappe by a 

mylonite zone. The lower parts close to this contact has been the unit's area of interest. The 

lower parts are dominated by pelitic metasediment which serves as the host rock with pods of 

pegmatite and mafic intrusives (Figure 5.6 row 7-8), while further up, the Revseggi Nappe is 

intruded by both felsic and mafic intrusions, seen as lenses or trains of boudins (Figure 5.6 

row 1-6). 

 

A hand specimen from the Revseggi Nappe (Figure 5.14) shows a deformed, fine-grained 

mica schist, composed chiefly of muscovite, biotite, feldspar and quartz. It has a strong 

foliation with large grains of muscovite and feldspar. The feldspar occurs as porphyroclasts 

up to 2 millimetres in size, while muscovite occurs as mica fish. S-C structures are visible in 

the hand specimen, where the mica fish is oriented along the S-plane and stretched along the 

C-plane. 

 
Figure 5.14 The hand specimen of the mica schist collected at the base of the Revseggi Nappe. 

Sample KW-18-19. 
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Lenses of amphibolite with a size ranging from centimetres to several meters are observed at 

the base of the nappe (Figure 5.15). The lenses occur as asymmetrical shear bands that 

stretch from a meter up to tens of meters along the foliation. Higher up in the Revseggi 

Nappe, the intrusions increase in size and are observed as larger rock bodies, up to many tens 

of meters in diameter. The large lenses consist mainly of amphibolite, made up by amphibole, 

garnet, quartz and feldspar (Figure 5.16). Granitic intrusions are also observed high up in the 

unit. At the microscopic scale, sample KW-18-26 contains a high amount of garnet (5-10%) 

and can be defined as a garnet-amphibolite (Figure 5.16). The rock is foliated with elongated 

amphibole grains with a length up to 1mm. The amphibole grains indicate a shear-direction, 

but the sample was unfortunately not orientated. Quartz and feldspar are fine-grained (>0.5 

mm) and occur as matrix minerals. The garnet varies in size from 0.1-1 mm, and is 

concentrated along the foliation, and therefore interpreted to have occurred pre- to the main 

thrusting event. 

 
Figure 5.15 Mica schist with lenses of amphibolite seen in the Revseggi Nappe. The location is 

within the shear zone, close to the contact to the Kvitenut Nappe. The lenses occur as stretched 

bands along the foliation and indicate a sense of shear to the SE. An S-C structure is seen in the 

mica schist. See hammer for scale. 
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Figure 5.16 Thin section of a garnet-amphibolite from a lens in Revseggi, sample KW-18-26. The 

amphibolite is elongated along the foliation and indicates a sinistral sense of shearing. The garnet is 

concentrated along the foliation, whereas quartz and feldspar occur as matrix minerals. Rutile and 

opaque phases make up >1% Magnification 4P. See Error! Reference source not found. for the exact 

location of the lens. 

 

Pods and veins of pegmatites are seen in all parts of the nappe but occur more frequently in 

the tectonostratigraphically lower parts of the 

Revseggi Nappe. The pegmatites are easily 

distinguished from the surrounding 

lithologies, with a size ranging up to a meter 

(Error! Reference source not found.). They 

consist of coarse-grained feldspar and quartz, 

in addition to kyanite and garnet which occur 

as accessory minerals. The kyanite and garnet 

might reflect the sediments original 

 

Figure 5.17 A leucosome pegmatite in the mica schist, 

at the base of the Revseggi Nappe. Sample KW-18-15 

was collected from this pegmatite yielding an age of 

446.7 Ma. See Error! Reference source not found. for 

exact sample location. See hammer for scale. 
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composition (Jorde 1973), otherwise have precipitated from Al-rich fluids, scavenged from 

the pelitic schist (Roffeis & Corfu, 2014b). The pegmatite is believed to be a late intrusive as 

it is also seen to fill the neck of a mafic boudin in the Revseggi Nappe. 

 

Figure 5.18 Location of samples collected from a 30-meter sequence at the base of the Revseggi 

Nappe. Note sample KW-18-15 (pegmatite), KW-18-19 (thin section of mica schist), KW-18-26 (thin 

section of amphibolite) and KW-18-27 (thin-section of garnet-mica schist). 

 

The following description is based on samples collected from a 30-meter sequence at the base 

of the Revseggi Nappe (Error! Reference source not found.). The main lithologies of the 

Revseggi Nappe are dominated by a quartz-mica mylonite (Figure 5.19). The two micas, 

biotite and muscovite, are the dominant matrix minerals and form an anastomosing 

extensional shear fabric. The total amount of mica varies through the lower part of the nappe 

between 30 and 60 %. Muscovite makes up 20-30% of the samples. Muscovite has a coarser 
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grain size than biotite and is stacked upon each other as characteristic mica fishes with a 

preferred orientation (Figure 5.21). Fifteen to twenty-five % of the section consists of platy 

tabular grains of pleochroic biotite. The body colours vary from light to dark brown in PPL. 

The biotite is fine-grained and has a preferred orientation. The amount of quartz varies 

greatly between 15-50% and occurs as large porphyroclasts, deformation bands and fine-

grained matrix minerals. Feldspar (mainly plagioclase) appears as large porphyroclasts. 

Deformation twins are observed in several of the plagioclase porphyroclasts, and some of the 

porphyroclasts show a strain shadow with either mica or quartz. The amount of garnet varies 

throughout the Revseggi Nappe from 1 to 15% (see Figure 5.19 for comparison).  The garnet 

forms small euhedral grains that overprint the original fabric. These indicate no impact from 

the deformation event and appear to have been a post-deformation crystallisation (Figure 

5.19 B). Opaque phases make up ≤ 1% of the sample. 
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Figure 5.19 Two thin sections from the Revseggi Nappe. Both samples shows a strong foliation 

and a mylonitic texture with S-C structures (A) Mica schist, sample KW-18-19, PPL (left) and 

XPL (right). The sample is orientated. The sense of shear indicates top-to-the-SE. Magnification 

2P. (B) Garnet mica schist, sample KW-18-27, PPL (left) and XPL (right). The sample has the 

relatively greatest abundance of garnet (15%).  The sample is not orientated, but the sense of 

shear is dextral. Magnification 2P. 
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5.2.3.2 Structural description 

The deformation recorded in the Revseggi unit is similar to that in the Kvitenut Nappe, 

though it contains a higher amount of deformed intrusives. Deformed intrusive bodies are 

common in the Revseggi Nappe and are found folded, boudinaged and as lenses. They 

include pegmatite, granodiorite and meta-gabbro. The gabbroic and granodioritic rocks are 

more common in the upper part of the Revseggi Nappe, ranging in size from half a meter to 

ten meters. Magma-mingling is observed to occur between the granodiorite and amphibolite. 

 

The mafic intrusives are boudinaged with long axes parallel to the foliation (Figure 5.20). 

They occur as asymmetric, elongated boudins, and their arrangement indicates that the 

direction parallel to the boudinaged layer was the direction of extension during at least part of 

the deformation. There is a variation in both the thickness and width of the boudins, which 

are shaped like a tapering lens. They were separated by thinning of the layer, and the obtuse 

edges of the boudins are rounded where the sharp edges are drawn into a tapering wing by a 

synthetic drag. Many of the boudins are not entirely decoupled but connected by a thin shear-

band. The length of the displacement created by the drag reflects the degree of shear strain. 

They follow the foliation of the matrix and have no distinct sense of rotation. The boudins are 

classified as tapered asymmetric shear-band boudins (Goscombe et al., 2004; Swanson, 1992) 

that have been crosscut by dextral shear bands. These shear fractures indicate an environment 

influenced by high-temperature plastic deformation. The mafic boudins are not seen to cut the 

foliation and corresponds to the observations described by Naterstad et al. (1973). 
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Figure 5.20 Asymmetrical shear bands of amphibolite at observed the base of the Revseggi Nappe. 

The geometry of the boudins indicates a plastic deformation mechanism. 

 

The mica schist in Seljestadjuvet contains well 

exposed S-C structures (Figure 5.22). The C-

plane is parallel to the shear bands while the 

S-planes (foliation) are inclined “backwards” 

with respect to the C-plane (Figure 5.21).  

Figure 5.21 The S-C structures are made up of two 

sets of planar structures, a foliation (S) and shear 

bands (C), that obliquely transect and often back-

rotate the foliation. 
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Figure 5.22 Outcrop of a mylonite sequence in the mica schist with large blasts/clasts, at the base of 

the Revseggi Nappe, in Seljestadjuvet. The clasts appear as both σ- and φ-type. S-C structures is seen 

up to the right. The sense of shear is dextral. 

 

In detail, the S-plane curves into and out of the 

C-plane, where the sense of deflection reflects 

the sense of shear in the shear zone. 

 

Microscopically, the deformation in the 

Revseggi Nappe is seen with alternating layers 

rich in feldspar and quartz, with mica fish and 

porphyroclasts of feldspar defining the 

mylonitic foliation (Figure 5.23). The mica 

fishes are seen in the entire Revseggi sequence. 

They occur with different shapes, but are 

commonly observed as sigmoid foliation fish, 

with well-developed S-C structures. The mica 

 

Figure 5.23 Simplified sketch of the typical 

deformation structures observed from a thin 

section of the mica schist in the Revseggi Nappe. 

A mylonitic foliation with large porphyroclasts of 

feldspar, fine-grained quartz aggregate, mica fish, 

and S-C structures, indicating a sinistral shear 

sense. 
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fish is arranged between C-type shear bands, where distinct long straight fish tails of very 

fine-grained recrystallized materials defines the C-plane and indicate a top-to-SE sense of 

shear. Mica fish is produced by boudinage and micro faulting of pre-existing mica grains 

(Lister & Snoke 1984). Individual mica fishes are linked by displacement discontinuities and 

grain-scale zones of very high shear strain. These are good indicators to determine a shear 

sense in the nappe and consistently show a top-to-the-SE movement (Figure 5.19). 

Alternating layers rich in quartz occur as ribbons parallel to the foliation. Some of the quartz 

ribbons contain strongly elongated crystals, which is probably formed by grains boundary 

migration within the ribbon. 

5.2.3.3 Structural data 

The lineation data (n=7) of the Revseggi Nappe plunge consistently at a shallow angle to the 

SE and NW (Figure 5.24A). The foliation in the Revseggi Nappe (n=9) is oriented with ESE 

as the dominant direction (Figure 5.24B).

 

Figure 5.24 Stereonet plot with lineation (A) and poles of the foliation (B) from the Revseggi Nappe. 
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6 U/Pb-chronology results 

6.1 The rationale for isotope work  

The scarcity of Rb-Sr age determinations and the questions of their reliability in mixed-age 

populations and the lack of U-Pb dating means that a number of key issues relating to the 

Hardanger–Ryfylke Nappe Complex remain unresolved. For example, 1) Based on potential 

recrystallisation ages from metamorphic and deformation events, is the interface between the 

Kvitenut and Revseggi nappes a depositional or a tectonic contact? 2) What age are the 

nappes, and do they correlate with Sveconorwegian, Neoproterozoic or Caledonian events 

recorded elsewhere? 3) What role did the Revseggi Nappe play in the incipient and the 

continued history of the development of the Hardangervidda-Ryfylke Nappe Complex? 4) 

When were the nappes assembled? To answer these questions – samples have been collected 

and analysed from three locations. An orthogneiss from the Kvitenut Nappe, an ultramylonite 

from the Kvitenut-Revseggi-contact, and pegmatite from the lower Revseggi Nappe. 

 

In the following section, the results of the geochronological work will be presented. The 

geochronological study was initiated by systematic sampling in the field, followed by rock 

crushing, and finally the analysis, that was completed in March 2019. The samples were 

analysed using the Isotope Dilution-Thermal Ionization Mass Spectrometry (ID-TIMS) 

method, and the work was carried out at the laboratory facilities of the Department of 

Geoscience at the University of Oslo. The complete dataset from the geochronological work 

and all values commented in this chapter are presented in Table 6.1. The samples were run 

on the mass spectrometer in six separate series, 564, 567, 571, 572, 574 and 576. 
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6.1.1 Orthogneiss, the Kvitenut Nappe 

6.1.1.1 Field Relationship and Sample Description 

Sample KW-18-12 is from a mylonitic orthogneiss in the Kvitenut Nappe. The rock was 

obtained from the lower part of the nappe and consists of >50% quartz, ~30% feldspar and 

~10% biotite. It also contains a minor amount of kyanite and staurolite, while fluorite occurs 

as an accessory mineral. 

6.1.1.2 Characteristics and Analytical Results 

Eight zircon grains (567/20, 567/21, 567/22, 

567/23, 567/24, 576/10, 576/11, 576/12) and 6 

titanites (574/20, 574/21, 574/22, 574/26, 574/28, 

574/61) were analysed in an attempt to obtain the 

protolith- and metamorphic age(s) of the rock. The 

zircons can be divided into three main categories 

based on colour and internal textures: (1) clear, 

colourless, inclusion-free zircons; (2) relatively 

clear, colourless zircons, with some inclusions; 

and (3) metamict, brownish zircons, with some inclusions (Figure 6.1). 

Cathodoluminescence shows that many grains have a core-rim relationship showing bright 

cores and dark rims, or the opposite (Figure 6.2). 

 

Figure 6.1 Comparison of two zircon 

populations seen in the orthogneiss, separated on 

the basis of morphological characteristics and 

colour. 
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Figure 6.2 CL-images of zircons from sample KW-18-12. The grain 567/23 is pointed out in the figure. 

 

The grains have a great variety in U-content, from 12 ppm in 576/11 to 397 ppm in 567/23. 

The radiogenic lead/common lead - ratio (Pb*/Pbc) vary between 0.37-34.8, which is 

reflected in the age and uncertainty. 576/11 has more common Pb than radiogenic Pb 

(Pb*/Pbc = 0.37), which is most likely due to contamination of blank Pb during handling of 

the grain. Th/U varies between 0.31 and 0.46 (Table 6.1). 

 

Two zircon grains have been recognized and identified from the Cathodoluminescence 

images (567/23, 567/24) and can be seen in Figure 6.3 E and F. In the grain, number 567/24, 

the different domains are almost homogeneous, with a weakly zoned core and an outer rim. 

Grain 567/23 has more complex zoning, with an inner dark core and bright rims, followed by 

an outer dark rim. The grain is moderately resorbed in the white domain.  

 

The titanites are of are medium- to large-sized and have a weak to strong yellow colour. The 

grains vary in U-content from 79 ppm in 574/21 to 349 ppm in 574/61. Th/U varies between 

0.12 and 0.21 The Pb*/Pbc - ratio is relatively consistent (2.4 - 11.7). 574/20 has the highest 
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ratio (Pb*/Pbc = 11.7) which is reflected in the lowest 2-sigma error on the calculated 206Pb-

238U-age (2.2 Ma) (Table 6.1). 

 

 
Figure 6.3 Results from sample KW-18-12, orthogneiss in the Kvitenut Nappe. (A) Concordia plot of analysis results from 

the zircons and titanites. (B) Concordia plot of the results from the titanite fractions 574/20, 574/21, 574/22, 574/26, 574/28 

and 574/61, from sample KW-18-12, orthogneiss. (C) Concordia plot of the results from the zircon fractions 567/20, 567/21, 

567/22, 567/23, 567/24, 576/10, 576/11, 576/12. (D) CL-image of zircon number 567/24. (E) CL-image of zircon number 

567/23. 

 

Figure 6.3 A-C shows the zircon and titanite analyses plotted on the concordia diagram. It is 

evident that the grains have undergone Pb-loss as all data are discordant. Two discordia lines 
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yield different outcomes: (1) an upper intercept at c. 1522 ± 8.9 Ma, and a lower intercept c. 

1022 ± 31 Ma and (2), an upper intercept at c. 1465.5 ± 6.5 Ma, and a lower intercept at 430 

± 20 Ma. The age 1465.5 ± 6.5 Ma is generated from one zircon grain (567/23) that has a 

relatively higher degree of discordance (Figure 6.3 C). This is assumed to be the result of Pb-

loss from both a Sveconorwegian and Caledonian metamorphism. The lower intercept age is 

therefore anchored at a predetermined Caledonian age 430 ± 20 Ma. The upper intercept at 

1465 ± 6.5 Ma is interpreted to represent the minimum protolith age of the orthogneiss, 

assuming that no residual recent Pb loss has affected the grains. The age of 1522 ± 8.9 Ma is 

believed to represent a more realistic age of the orthogneiss as all the titanites were 

formed/recrystallized at c. 1000 Ma, thus showing that this Sveconorwegian metamorphic 

and deformational event was probably the main event leading to zircon Pb 

loss/recrystallization. Two concordant titanites (574/21, 574/26) overlap and provide a 

concordia age = 1006.6 ± 2.2 Ma with MSWD =1.9 (Figure 6.3 C). This age overlaps the 

lower intercept age of the dominant zircon population, supporting the interpretation that this 

age records the main metamorphic event affecting the Kvitenut orthogneiss. 

 

6.1.2 Pegmatite, the Revseggi Nappe 

6.1.2.1 Field Relationship and Sample Description 

Sample (KW-18-15) was obtained from a pegmatite (Error! Reference source not found.) 

within the garnet-mica schist at the base of the Revseggi Nappe (Error! Reference source not 

found.). The mineralogy of the rock consists of feldspar, quartz, and biotite. 
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6.1.2.2 Characteristics and Analytical Results 

The extracted zircon grains can be divided into two groups: (1) large, brownish to reddish 

grains; and (2) relatively smaller, colourless, clear grains (Figure 6.4 D). Six zircon grains 

(567/13, 567/14, 567/15, 567/18, 572/1, 572/2) were analysed from the pegmatite. Four of 

them were zircon tips, while two were zircon fragments.  

 
Figure 6.4 (A) CL- image of zircon grain, 567/13 (B) CL- image of zircon grain, 567/15. The red line and 

the arrow indicates the zircon tips that was analysed. (C) CL- image of zircon grain, 567/14. The red line and 

the arrow indicates the zircon tip that was analysed. (D) Comparison of two zircon populations found in the 

pegmatite, sample KW-18-15. Separated on the basis of morphological characteristics and colour. The field 

of view in the pictures represent 1 mm2, for scale. (Left) KW-18-15, small and colourless crystals. (Right) 

KW-18-15, large and brown zircon grains. 

 

Th/U varies between 0.0013 and 0.066 (Table 6.1). Four of the grains (567/14, 567/15, 

567/18, 572/1, 572/2) have a consistent ratio of radiogenic lead/common lead (Pb*/Pbc= 40.3 

- 53.6), while one zircon (567/13) stands out with low ratio of Pb*/Pbc= 3.4. This is also 
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reflected in the age and its uncertainty and is most likely due to contamination of blank Pb 

during handling of the grain. Three of the four zircons with consistent Pb*/Pbc - ratio are 

concordant and overlapping (567/14, 567/15, 572/2), providing a weighted mean 206Pb/238U-

age of 446.7 ± 0.60 Ma, with an MSWD of 0.103 (Figure 6.5). This assembling is considered 

to represent the age of the pegmatite intrusion. The fourth grain (572/1) is also concordant 

and indicates that zircon crystallisation also occurred at the 206Pb-238U-age 451.2 Ma.  The 

567/18 fraction is discordant and yield a 206Pb-238U-age of 493.5 Ma. 

 

Three zircon grains have been recognized and identified from the Cathodoluminescence 

images (567/13, 567/14, 567/15), seen in Figure 6.4 A-C. In sample 567/14 and 567/15, the 

zircons contained a xenocrystic core, surrounded by a rim. The core got broken off, and only 

the rim was analysed. Grain 567/13 has a less defined core surrounded by a dark rim. 

 
Figure 6.5 Results from sample KW-18-15, pegmatite in the Revseggi Nappe. (A) Overview of the concordia plot of results from 

the zircons. (B) Concordia plot of the analyses of zircon fractions 572/1, 572/2, 567/14 and 567/15. The age 446.7 ± 0.6 is the 

concordia age. 
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6.1.3 Ultramylonite, the Kvitenut Nappe 

6.1.3.1 Field Relationship and Sample Description 

Sample KW-18-06A is an ultramylonite at the interface between the Kvitenut and Revseggi 

nappes. It is a fine-grained rock with a quartz-rich matrix wrapped around relatively large 

porphyroclasts of feldspar. It consists of ~50% quartz, ~20% plagioclase, ~10% K-feldspar 

and ~10% biotite. It also contains a minor amount of epidote, while opaques and titanites 

occur as accessory mineral(s). 

6.1.3.2 Characteristics and Analytical Results 

Nine air-abraded grains of titanite (564/2, 564/3, 564/7, 

564/12, 564/18, 564/33, 571/9, 571/16 & 571/8) were 

analysed from this sample, as the aim was to date 

eventual metamorphic events related to thrusting 

between the Kvitenut- and Revseggi Nappe. The 

titanites occurs in great numbers in the sample and 

were fairly rounded which is believed to reflect 

metamorphic (re)crystallisation related to the 

mylonitization of the Kvitenut Nappe. The titanites are 

of various size and colour from colourless to weakly 

yellowish to brownish (Figure 6.6).  

 

Th/U varies between 0.31 and 0.46. The grains vary in U-content from only 24 ppm in 

571/16 to 850 ppm in 571/9. This is also reflected by 571/9 which has a relatively high 

amount of radiogenic lead (Pb*/Pbc = 1.5) and a low 2-sigma error on the calculated 206Pb-

238U-age (± 0.75 Ma), compared to 571/16, with a lower amount of radiogenic lead (Pb*/Pbc 

 

Figure 6.6 Titanites 

from sample KW-18-6A 

(ultramylonite), in the 

Kvitenut Nappe. The 

blue frame represent 

1mm2. 
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= 0.25) and a 2-sigma error of ±3.9 Ma. Both 571/8 and 564/7 have a low Pb*/Pbc - ratio 

(0.15 and 0.15) which is reflected in the relatively high 2-sigma error at respectively 6.7 Ma 

and 5.5 Ma (Table 6.1). 

 

Figure 6.7 A-B shows how the titanite analyses plot on the concordia curve. Five of the 

titanites are spread out on the diagram with high uncertainty. A concentration of four 

overlapping error ellipses of the analyses with the highest Pb*/Pbc ratios provides a weighted 

mean age of 433.7 ± 1.3 Ma with an MSWD of 0.37. This is believed to represent the main 

titanite crystallisation event resulting from the peak metamorphism and deformation in the 

mylonite zone. 

 
Figure 6.7 Results of titanites from the ultramylonite, sample KW-18-6A. Sampled in the shear zone between the Kvitenut and 

Revseggi Nappe. (A) Overview of the concordia plot and the results from the titanites. The framed area contain figure B. (B) A 

close-up of the analyses of titanite fractions 563/3, 564/2, 564/33 and 571/9. The age 446.7 ± 0.6 is the concordia age. 
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7 Discussion 

7.1 Introduction 

The aim of this study has been to investigate: 

 The contact between the Kvitenut and Revseggi units. 

 The relation between the mylonite zone in the Kvitenut Nappe and the possible 

overthrusting of the Revseggi Nappe. 

 The deformation and metamorphic histories of the Revseggi Nappe and the upper 

Kvitenut Nappe. 

 

Aspects from the lithological descriptions, structural observations and U/Pb-chronology 

results will be elaborated and set into a regional context. Firstly, the oldest ages from the 

Kvitenut Nappe will be discussed, followed by a presentation of the Caledonian events as 

documented in the study. Furthermore, interpretative remarks regarding the structural features 

observed in the outcrops will also be given, before a summary of the tectonic evolution of the 

study area is presented. 

7.2 Kvitenut Nappe 

7.2.1 Protolith age 

Protolith ages, typical of Gothian (1700–1600 Ma) and Telemarkian (1500 Ma) crust, can be 

helpful to constrain the general provenance of the nappes and can also be further refined by 

information concerning the age and extent of the Sveconorwegian overprint. 

 

Zircons obtained from the orthogneiss in the lower Kvitenut Nappe generate a very 

pronounced discordance, with the main discordia line between an upper intercept age of 1522 
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Ma - indicating magmatic crystallization, and a lower intercept age of 1022 Ma - reflecting 

the main metamorphic overprint. The latter is also confirmed by titanite, which yields a 

Sveconorwegian age of 1006 ± 2.2 Ma. 

 

My new protolith age contrasts with previous age determinations for the Kvitenut Nappe 

(Roffeis et al., 2013), which are at least 100 Ma older. Roffeis et al. (2013) dated an augen 

gneiss within the Kvitenut Nappe and obtained an age of 1615 Ma (Figure 7.3, row 13). The 

protolith age of the new sample of 1522 Ma, is remarkable younger and preferably 

corresponds to the age of the Dyrskard Nappe at 1508 Ma (Figure 7.3, row 16), consistent 

with having evolved in Telemarkian crust. 

 

This age relation can be explained by: (1) the mylonitic orthogneiss is not a part of the 

Kvitenut Nappe, but a separate tectonic lens that is a thrust slice of Telemarkian affinity. (2) 

The Kvitenut Nappe has a more complex composition, containing both Gothian and 

Telemarkian elements. (3) The orthogneiss is a part of the top of the Dyrskard Nappe, and the 

contact between the Kvitenut and Dyrskard nappes must be higher up. The unit in 

Seljestadjuvet is much more deformed, and, based on lithology, it is difficult to correlate this 

unit directly to the Kvitenut Nappe, as we know it from Haukelifjell. If the rocks in 

Seljestadjuvet, originally described as part of the Kvitenut Nappe, represent a separate 

tectonic lens, it could have formed in a similar fashion as the Nupsfonn Nappe on 

Haukelifjell. That is, the Hardanger-Ryfylke Nappe Complex contains laterally discontinuous 

tectonostratigraphic elements, where the Nupsfonn Nappe represents one such lens or 

tectonic lens and the rocks in Seljestadjuvet another. We believe such an explanation best 

explains the nature of the rocks, their protolith age and metamorphic overprint. We suggest to 

term this potential unit, the Seljestad Tectonic Lens (Figure 7.3, row 14). The Nupsfonn 
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Nappe is interpreted as a dismembered unit and is only observed at Haukelifjell. It is situated 

between the Holmasjø Allochthon and the Dyrskard Nappe as a tectonic wedge composed of 

granitic gneisses (Andresen, 1972; Andresen & Færseth, 1982). An important question will 

be whether the Seljestad Tectonic Lens has the same origin as the Nupsfonn Nappe, or if it is 

an unrelated tectonic lens that locally occupies the position between the Dyrskard and 

Kvitenut Nappes. The Seljestad Tectonic Lens could be a separate, highly strained isolated 

unit like the Nupsfonn Nappe, but with a different history and different tectonostratigraphic 

position (Figure 7.1). The Nupsfonn Nappe has undergone brittle deformation whereas the 

Seljestad Tectonic Lens was affected by ductile deformation, which means they have been at 

different depth during overprinting. However, this explanation is only a suggestion, which 

needs to be tested by a more thorough investigation. 

 
Figure 7.1 A sketch of explanation two, illustrated in Seljestadjuvet and on Haukelifjell. The new tectonic lens in 

Seljestadjuvet is coloured in grey and named the Seljestad Tectonic Lens, whilst the Nupsfonn Nappe is seen in 

red at Haukelifjell. 

 

The Seljestad Tectonic Lens shows great similarities to the underlying Dyrskard Nappe and is 

considered a part of the Telemarkian sector (Figure 7.2). Roffeis et al. (2013) correlated the 

Dyrskard Nappe to the Rogaland-Agder Sector, which is a part of Telemarkia, comprising 

rocks of 1500 Ma (Bingen et al., 2005). Among the other nappes of SW Norway, the only 

ones with an equivalent age, as the Kvitenut Nappe are the Upper Finse and Upper Jotun 

nappes. The Upper Jotun Nappe consists of Proterozoic, partly retrograded granulite facies 
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rocks formed mainly between 1700 and 1630 Ma, with local additions dated to 1450 and 

1250 Ma (Lundmark et al., 2007; Corfu & Emmett, 1992). 

 

 

 

 

7.2.2 The Sveconorwegian orogeny 

A recurring observation concerning the crystalline nappes in south-western Norway is the 

Sveconorwegian overprint in terms of magmatic activity, deformation and metamorphism. 

Typical consequences in both the Dyrskard and Kvitenut Nappes are the strong 

Sveconorwegian isotopic resetting of older zircon, in part with Sveconorwegian new zircon 

growth, and almost ubiquitous isotopic resetting and new growth of titanite. 

 

The orthogneiss within the Seljestad Tectonic Lens is no exception, and this is evident by the 

strong resetting of the U-Pb system in zircons and new growth of titanites. The Seljestad 

Tectonic Lens has been strongly affected by Sveconorwegian thrusting and the associated 

 
Figure 7.2 The assumed provenance of the Kvitenut and Dyrskard nappes, shown as 

ellipses in the western continuation of Baltica. The thrusting of the Kvitenut Nappe on the 

Dyrskard Nappe occurred at ca 1000 Ma, and it is believed that the thrust zone represents 

the border between the Gothian terrane and Telemarkia (Roffeis et al., 2013). 
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metamorphism. Earlier petrographic investigations from the Kvitenut Nappe describe that 

retrogression has taken place at as low as medium grade metamorphism, overprinting the 

original high-grade mineralogy. This process is most complete in the part of the Kvitenut 

Nappe situated near the underlying thrust zone to the Dyrskard Nappe (Gabrielsen, 1976), 

which is where the Seljestad Tectonic Lens is situated. However, a petrographic analysis of 

the Seljestad Tectonic Lens has not been ascertained. 

 

The results of the present geochronological work confirm the severe influence from the 

Sveconorwegian event. In the orthogneiss within the Seljestad Tectonic Lens, the majority of 

the titanites cluster around ca 1000 Ma with two concordant titanites revealing an average age 

of 1006.6 ± 2.2 Ma. The crystallisation of titanites was coeval to the thrusting of the Kvitenut 

Nappe onto the Dyrskard Nappe and occurred during a late Sveconorwegian stage. 

Interestingly, chemical abrasion of the zircons did not reduce the Sveconorwegian effect, 

suggesting that it was caused by extensive recrystallisation of the zircons. 

 

Previous work in the Kvitenut Nappe by Roffeis et al. (2013) obtained similar age 

components, and they found a strong resetting of zircons from the orthogneiss to occur 

around 1000 Ma. They argued for a protracted multistage process with the main thrusting at 

around 1000 Ma. The same 1000 Ma event also caused partial melting and produced magmas 

from Telemarkian crust to intrude the Kvitenut Nappe and form the Stavsnuten granite 

(Roffeis et al., 2013). 

7.3 The Revseggi Nappe and the time of deposition 

The Revseggi Nappe consists of metasedimentary mica schists and gneisses metamorphosed 

at amphibolite-facies conditions, pods of pegmatite and both mafic and felsic intrusions. 
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These observations indicate a multistage tectonic history with a late Cambrian event 

preceding Ordovician - Silurian magmatism, metamorphism and deformation. However, a 

precise age of deposition has not been produced in previous works (Gabrielsen & Solheim, 

1980; Roberts, 2010). Roffeis & Corfu (2014b) constrained the age of deposition between the 

youngest detrital zircon (1000 Ma) and the oldest metamorphic age (480 Ma). This time of 

deposition can now be constrained more precisely by single detrital zircon ages suggesting 

deposition after 800 ± 21 Ma (Roberts, 2010), while granodiorite intruded at 494.5 ± 1.6 Ma 

(Ringstad, 2019) (Figure 7.3, row 2), giving an age of deposition in the period 800 - 494.5 

Ma (see Revseggi sediments in Figure 7.4). 

 

There are different possibilities for the formation of the basin. One possibility is that the 

sediments were deposition at an early stage, close to 800 Ma, followed by a tectonic stable 

period until the granite intruded at 495 Ma. The other possibility is a formation in a 

subduction setting. The last and preferred possibility is that the sedimentary basin was created 

during the same extensional- and basin-forming event that triggered the granite intrusion at 

495 Ma. The stretching event may have created the subsiding basin, while thinning the crust, 

allowing the mantle to rise and melt the crust, resulting in the granite intrusions at 495 Ma. If 

this is the case, it is reasonable to believe that the sedimentary infill of the basin that became 

involved in the Revseggi Nappe, occurred at a time closer to 495 Ma, than 800 Ma. 

Granodiorite and amphibolite were observed in a magma mingling relationship, where 

Ringstad (2019) interpreted metagabbros (amphibolites) to have intruded at the same time as 

the granodiorite (495 Ma). This event indicates a bimodal magmatism, which could have 

been associated with thinning of the crust, mantle and crust melting and an evidence for a 

rifting event. 
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Lenses of metasandstone are located in the upper part of the nappe with lengths of 1-2 

meters. Based on the lithological association, Roffeis & Corfu (2014b) suggested the 

sandstones had been related to a mud- and silt-rich depositional system that was interrupted 

by turbiditic flows, most probably at a continental slope. This suggestion is also consistent 

with the kyanite-bearing strata that Jorde (1973) described to represent Al-rich sediments. 

7.4 The Caledonian orogeny 

During the Caledonian event, the Kvitenut Nappe was riding piggy-back on top of the 

Dyrskard Nappe. Hence, the shear zone between the nappes represents the Sveconorwegian 

thrust interface between the Gothian and the Telemarkia domains (Roffeis et al., 2014; 

Roffeis & Corfu, 2014a). The Caledonian tectonometamorphic overprint was not sufficient to 

obliterate the structures and reset the U-Pb-clock in the zircons. The Caledonian 

metamorphism still caused the formation of titanite grains, and partial recrystallization of 

older titanites and the impact is recorded throughout the entire Kvitenut Nappe, down to the 

contact of the underlying Dyrskard Nappe. 

7.4.1 Early Caledonian events 

The early Caledonian event is indicated by the intrusion of granite at 495 Ma and syn-

metamorphic emplacement of pegmatites in the Revseggi Nappes in the late Ordovician.  The 

pegmatites indicates at least two major metamorphic events with partial melting within the 

nappes. Concordant idiomorphic Caledonian zircons with an age of 447 Ma (Figure 7.3, row 

14) are found in the pegmatite pod at the base of the Revseggi Nappe. These pegmatite veins 

occur more frequently in the lower parts of the Revseggi Nappe, where the surrounding 

lithologies also show gradually increasing strain to become mylonitic. The same pegmatite do 

also contain a single zircon with the age 451 Ma. Ringstad, (2019) dated a pegmatite from a 
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boudin neck in the Revseggi Nappe to 450 Ma (Figure 7.3, row 6), and is interpreted to 

represent the same metamorphic event. While Roffeis and Corfu (2014b) found evidence for 

metamorphism of the Revseggi Nappe in a mafic lens, and in a metasandstone during 

Ordovician (480-470 Ma).  

7.4.2 Late Caledonian events 

The second stage of metamorphism is recorded by the development of lens-shaped leucosome 

within the mica schist in the Revseggi Nappe, at 437 Ma (Ringstad, 2019), and 434 Ma 

(Roffeis et al., 2014b) (Figure 7.3, row 5 and 8 ). This indicates that partial melting was 

reached within the pelitic unit in two different periods. In addition, a pegmatitic leucosome in 

the Kvitenut Nappe was dated to 434 Ma (Roffeis et al., 2013) (Figure 7.3, row 12). 

 

The thrust zone at the base of the Revseggi nappe is 10–30 m thick, consisting of phyllonites, 

subjected to a stronger deformation than higher up in the succession. The thrust effect is seen 

as a gradual increase of strain in the upper part of the Kvitenut Nappe, with an approximately 

50 m thick zone of mylonitic gneiss. The mylonite zone has two members: a broad zone of 

mylonite gneiss and a narrow zone of ultramylonite at the contact. It is natural to assume that 

the ultramylonite represents the latest stage of thrusting, while the mylonite gneiss is a result 

of the main thrusting. The ultramylonite could also be contemporaneous with peak 

metamorphism and the appearance of pegmatites. A key evidence for the timing of thrusting 

and deformation of the nappes is to be found in the growth of titanites. The ultramylonite 

(KW-18-6A) from the interface between the Kvitenut and Revseggi nappes contain titanites 

which yield a concordia age of 434 Ma (Figure 7.3, row 10).  

 

The youngest intrusives found in the Revseggi Nappe is given by granodiorite at 428 ± 1 Ma, 

dated by Roffeis & Corfu (2014b). Naterstad et al. (1973) already described the granodiorite 
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to be the latest intrusives, arguing that they transect the mafic boudins. Although Roffeis & 

Corfu (2014b) did not find the granodiorite transecting other rocks, but described the lack of 

internal strain to imply a late tectonic stage with reduced stress. 

 

In summary, this demonstrates that the main thrusting most likely occurred as a protracted 

multistage process, shaping the presently observed mylonitic rocks and initiating the growth 

of titanite. The titanites recorded in the ultramylonite confirm this theory, where a cluster of 

four overlapping titanites show peak metamorphism, indicating that the main thrusting 

occurred at 434 Ma, whereas there is recorded growth of titanites both before and after 434 

Ma, though with greater uncertainty. The presents of kyanite, garnet and staurolite in both the 

mica schist and gneisses together with re-crystallised titanites in the ultramylonite, indicate 

metamorphism at amphibolite facies conditions. 
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Figure 7.3 An updated tectonostratigraphic column with the placement of field observations and ages, including the 

Seljestad Tectonic Lens (STL). The different observations are numbered (1-17). Previous geochronological work is 

combined to obtain a better understanding of the area (Roffeis et al., 2013; Roffeis et al., 2014b; Ringstad, 2019). 
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7.4.3 Similar metamorphic and magmatic events in the Scandinavian 

Caledonides 

The timing of the thrusting between the Kvitenut and Revseggi nappes correlates with other 

observations from the Caledonides. For example, a dyke complex from the Upper Jotun 

Nappe is dated to 427 ± 1 Ma, while titanites from a monzonite in the Upper Jotun Nappe is 

dated to c. 430-425 Ma (Roberts, 2003; Corfu et al., 2014). Further north in northern Norway 

(Faber et al. 2019) recorded nappe stacking at 432 ± 6 Ma. 

7.4.4 Structures 

The Kvitenut and Revseggi nappes are characterized by a structural fabric, which has a 

variable imprint across the study area. The strongest deformation is seen close to the contact, 

by the appearance of ultramylonites, and where pegmatites and mafic intrusions are 

deformed. The majority of the outcrops record kinematic indicators such as S-C fabric, shear 

bands, asymmetric tails and pressure shadows of porphyroclasts and quartz crystallographic 

fabric that indicate a top-to-the-southeast (thrust-related) shear deformation. In addition, 

intrafolial, asymmetric folds with axis oblique to the lineation indicate a top-to-the-southeast 

deformation. Asymmetric shear fractures as boudins are also widespread. Fish-shaped 

boudins of mafic layers indicate a ductile deformation with a top-to-the-southwest sense of 

shear. These deformation structures occur in the lower parts of the Revseggi Nappe, close to 

the contact. Surprisingly, considering their contrasting deformation histories, the stretching 

lineations from both Kvitenut and Revseggi nappes show a great correlation, orientated in a 

NW-SE direction (Figure 7.4), which gives us three alternatives: (1) The Sveconorwegian 

and Caledonian transport directions were similar. (2) The Caledonian deformation has 
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overprinted the lineation in the Proterozoic 

mylonites without resetting the isotope 

systems. (3) The nappes and the old lineations 

can have been reoriented into parallelity in the 

Caledonian deformation. 

 

The titanites from Kvitenut Nappe show a 

strong Sveconorwegian affinity and were not 

affected by the Caledonian events. It is, 

therefore, reasonable to assume that the 

Sveconorwegian- and the Caledonian 

orogenies must have had the same direction of transport towards the SE. But, it is also a 

possibility that the Caledonian deformation overprinted the lineation in the Proterozoic 

mylonites without resetting the isotope systems. Structural indicators as porphyroclasts in the 

Kvitenut Nappe show a transport direction towards SE, demonstrating the possibility that the 

lower part of the Revseggi Nappe and the upper part of the Kvitenut Nappe became 

structurally homogenized during the thrusting of the former above the latter.  

7.5 Evolution of the nappes 

To constrain an evolutionary timeline of the different nappes, the ages acquired in this study 

are compared with relevant previously published chronological data. This focuses particularly 

on main events related to the Sveconorwegian orogeny (c. 1000 Ma) and different events 

related to the Caledonian orogeny (495-423 Ma) (Figure 7.5). The following is a 

chronological description of the evolution. Thrusting of the Kvitenut Nappe (1615 Ma) over 

the Dyrskard Nappe (1508 Ma) occurred at c. 1000 Ma, and this thrust system behaved as one 

 

Figure 7.4 Stretching lineations from the Kvitenut 

Nappe (blue) and the Revseggi Nappe (red).  
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block from this point on, where the Kvitenut Nappe was transported piggy-back on top of the 

Dyrskard Nappe (Roffeis et al., 2013).  

 

The deposition of the sedimentary infill of the basin that eventually became the main 

constituents of the Revseggi Nappe was accumulated sometime in the timespan 800-495 Ma. 

Our preferred conclusion is that the subsiding basin was formed during the same extensional 

event that thinned the crust, raised the mantle, and produced the bimodal magmatism at 495 

Ma (Ringstad, 2019). However, this is very speculative as we have little unequivocal 

information about both time- and place of deposition for the Revseggi sediments. Intrusions 

of pegmatites and formation of leucosomes reflect episodes of partial melting and are 

clustered around at least two metamorphic events. The earliest of those occurred at 450 Ma 

(Ringstad, 2019) to 447 Ma (present study), in a tectonically unknown setting. The driving 

mechanism for the early intrusion of the pegmatites is though unknown. The 437 Ma- 

(Ringstad, 2019) and 434 Ma-ages (Roffeis & Corfu, 2014b) represent the second pegmatite 

event and probably corresponds to the main thrusting of the Revseggi Nappe upon the 

Kvitenut Nappe, associated with peak the metamorphic event recorded in the titanites from 

the ultramylonite at 434 Ma (present study). A younger pegmatite is dated by Roffeis et al., 

(2013) in the Kvitenut Nappe to 423 Ma, and a pegmatite from the Dyrskard Nappe gave an 

age of 412 Ma (Figure 7.3). The Caledonian thrusting was followed by post-orogenic 

extension with a period of backsliding and uplifting, which thus might represent the Wilson 

Cycle. (Fossen & Rykkelid, 1992; Fossen, 2000). In conclusion, it seems clear that there are 

two separate pegmatite generations, pre- and syn-thrusting of the Revseggi Nappe upon the 

Kvitenut Nappe, where the main thrusting event recorded at 434 Ma. 
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7.6 Large scale tectonic model for the Hardanger-Ryfylke Nappe 

Complex 

An example of a possible large scale tectonic model is made (Figure 7.6), based on the 

information obtained in this study and previous work on the Hardanger-Ryfylke Nappe 

Complex (Andresen et al., 1974; Andresen & Gabrielsen, 1979; Gabrielsen et al., 1979; 

Corfu et al., 2014; Roffeis & Corfu, 2014a, Roffeis et al., 2014b). As illustrated and 

described earlier, the Dyrskard and Kvitenut nappes behaved as one block after the 

Sveconorwegian thrusting (1000 Ma). The place of deposition of the Revseggi sediments is 

illustrated in a “neutral” tectonic setting, as we do not have the basis to be sure about its 

actual tectonic setting during deposition. The time of deposition is rounded off to >500 Ma 

(Figure 7.6 B). The first metamorphism within the Revseggi Nappe is recorded in early 

Ordovician (Roffeis et al., 2014b), followed by the first intrusions of pegmatites at c. 450 Ma 

(present study). The model suggested that this occurred in a subduction system of the Iapetus 

Ocean (Figure 7.6 C). At this time, Baltica was still at some distance from Laurentia, so it 

must have been an oceanic plate that was subducted under Laurentia. The Revseggi Nappe 

show similarities with the eclogite bearing Jæren Nappe. Roffeis et al., (2014b) suggested a 

model where the Revseggi Nappe was subducted in the same fashion as the Jæren Nappe, but 

at a higher crustal level due to the lack of eclogite.  

 

The Dyrskard and Kvitenut Nappe were situated on Baltica and were not affected by the 

subduction system. The next stage represents the closure of the Iapetus Ocean and the 

collision between Laurentia and Baltica where the Revseggi Nappe was brought back to the 

surface and thrust over the Kvitenut Nappe (Figure 7.6 D). The final metamorphism and 

thrusting occurred over several stages during the Silurian, whereas the main thrusting is dated 
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to 334 Ma (present study). The last stage illustrates the latest period of thrusting and was 

followed by an extensional period with uplifting and backsliding (Figure 7.6 E). 

 

 
Figure 7.6 A tectonic model for the evolution of the Hardanger-Ryfylke Nappe Complex. (A) Displays how the Kvitenut- 

and Dyrskard nappes occurred as one block after 1000 Ma. (B) Shows deposition of the Revseggi Nappe >500 Ma, in an 

extensional basin. (C) Displays subduction of the Revseggi Nappe. (D and E) Collision between Laurentia and Baltica, 

and thrusting of the nappe stack. The paleogeographic maps are obtained from Torsvik & Cocks (2016). 
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8 Conclusion 

 The established nappe tectonostratigraphy must be changed as the unit initially 

described as the bottom of the Kvitenut Nappe has been re-defined as a separate 

tectonic lens of local significance in the Seljestad area.  

 Protolith age of the Seljestad Tectonic Lens at 1522.1 Ma reflect a Telemarkian 

origin, where titanite crystallisation at 1006.6 Ma, record metamorphism and 

deformation during the Sveconorwegian orogeny. 

 The contact between the Kvitenut and Revseggi Nappe involves tens of metres with 

mylonite gneiss, and a central (2-5 meters) ultramylonite with associated shear 

indicators, which proves the contact to be tectonic rather than depositional. 

 The intrusion of pegmatite in the Revseggi nappe at 447 Ma, combined with the 

results from Roffeis et al., (2014b) and Ringstad, (2019), shows two series of 

pegmatite intrusions during the Caledonian orogeny. A late Ordovician (c. 450 Ma), 

and a middle Silurian (434 Ma). 

 Titanites in the ultramylonite reflect peak metamorphism between the Kvitenut and 

Revseggi nappes at 334 Ma. 
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