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Abstract 

Field work for this thesis was conducted in Andreè Land, North-East Greenland Caledonides 

(73,35 N, 26,15 W), a region dominated by the Hagar Bjerg-Niggli Spids Thrust Sheet. The 

thrust sheet is composed of three main lithotectonic units from base upwards; 1) 

Paleoproterozoic ortho- and paragneisses, 2) the Late Mesoproterozoic Krummedal 

Supracrustal sequence, and 3) Neoproterozoic Eleonore Bay Supergroup, Tillite Group and 

the Late Cambrian to Ordovician Kong Oscar Fjord Group. The Krummedal sequence is 

intruded by c. 950 Ma granitoids, whereas c. 430-425 Ma granites are common in both the 

Krummedal sequence and the Lower Part of the Eleonore Bay Supergroup. 

The purpose of the study is to describe the main rock types and deformation structures in a 

transect through parts of the thrust sheet (Rendalen – Djævelkløften - Grejsdalen). The 

transect includes the lower and upper part of the Krummedal sequence and the lower part of 

the Eleonore Bay Supergroup. Particular focus has been on the kinematic history of two 

regionally extensive east-dipping faults, Grejsdalen and Rendalen Faults respectively, which 

are interpreted as segments of the Fjord Region Detachment Zone.  

The Grejsdalen fault is clearly an extensional fault placing lower grade Eleonore Bay 

Supergroup rocks of the hanging wall in tectonic contact with the high grade paragneisses of 

the Krummedal sequence in the footwall. Evidence for top-to-the-East displacement is not 

that obvious in the Rendalen Fault where migmatites in the hanging wall are in tectonic 

contact with the non-migmatite psammitic rocks in the footwall, both units being part of the 

Krummedal sequence. The appearance of higher grade rocks in the footwall has previously 

been used to argue that the Rendalen Fault is a top-to-the-W thrust, later reactivated as a top-

to-the-E normal fault. A combined structural and petrological study was undertaken to test 

this hypothesis. The structural results show evidence of top-to-the-northeast extensional 

movement and no signs of earlier thrusting. The petrological study show P values of c. 12,5-

15 kbars and T values of c. 650-700 °C from the footwall and P values of c. 8-9,5 kbars and T 

values of c. 650-700 °C from the hanging wall.  
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1. INTRODUCTION 
Continental collision zones are important features in the world and several collision zones 

which have been formed throughout the history of the Earth (e.g. the Caledonides). The study 

of these zones is important in order to understand the evolution of an orogenic belt and the 

processes operating in the crust. The Caledonian continental collision zone formed between 

Baltica, Laurentia and Avalonia and represents a major Paleozoic continental collision zone. 

This thesis focuses on a particular region of the Caledonian orogen and the main research 

questions are summarized in the following. 

1.1 General research questions 
The focus of this thesis is the Caledonian structural and metamorphic history of the 

metamorphic rocks of the various tectonic units in the Grejsdalen, Djævekløften and Rendalen 

valleys in Andreè Land, North-East Greenland.  

Another important focus of the study is to determine the kinematic history of the Rendalen 

Fault, a regionally extensive NW-SE striking fault with a dip to the NE which is present in the 

study area. Conflicting views of the Rendalen Fault have been expressed. 

1.2 Aims of this study 
The purposes of this study are to: 

1.) Make a geological and structural map of the study area, based on own field 

observations and previous work done in the study area. 

2.) Describe the large-scale structures dominating in the study area. 

3.) Describe the different fabrics occurring in the different tectonic units. 

4.) Interpret the different deformation events within the different tectonic units. 

5.) Thermobarometry and interpretation of P- and T-data, based on mineralogy and 

mineral chemistry, and use this to document the kinematics of the Rendalen fault. 

1.3 Methods  

1.3.1 Study area, field work and equipment  
During this study, three weeks of field work was conducted in Andreè Land, more specific the 

valleys Grejsdalen and Djevelkløften at latitude 73,35° N, in the Central Fjord Region of 

North-East Greenland (Fig. 1.1). 
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Figure 1.1. Geological map showing the Caledonides of North East Greenland, the different 
regions and the main geological features. The location of the study area is marked with a red 
square. Modified after Andresen et al. (2007). 
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North-Eastern Greenland in general is a remote place with few inhabitants, no infrastructure, 

poor communication possibilities and is technically difficult to reach during most of the year. 

The only residents are the ones working at the airports, the military stationed and local inuit 

living in Scoresby Sund. The planning of an expedition in these remote areas requires good 

logistics and knowledge of the area. The three weeks of fieldwork were spent in tents and 

food supply was brought with us from the start. Communication could be made with an 

iridium satellite phone. 

Concerning the transportation, a chartered plane was used form the Akureyri Airport in 

Iceland to Constable Pynt located in Jameson Land in North-East Greenland (Fig.1.1). The 

mode of transportation from Constable Pynt to Greisdalen valley in Andreè Land was by a 

chartered Twin Otter flight from the Constable Pynt airport, and the travel time is about two 

hours. 

During the field work, observation, mapping, sample taking and photography through the 

Grejsdalen, Djevelkløften and into the Rendalen valleys were conducted. This has resulted in 

a geological map (Fig. 3.1) and two profiles (Fig. 3.2). Fieldwork in this area can only be 

done during a short time span in the summer month due to the harsh weather and climate 

conditions during the rest of the year. The fieldwork was conducted in July and August 2012, 

a period with nice and stable weather conditions. The warm weather during the field work and 

the rugged topography in the area made the mapping problematic due to the high water flow 

in the glacial runoffs in the valley. This resulted in more detailed mapping and structural 

studies was done in certain areas along the northern side of the Grejsdalen valley, and only 

reconnaissance mapping using binoculars and interpretation of photos was carried out on the 

southern side of Grejsdalen valley. 

Enlarged topographic maps (original scale 1:250 000, GEUS) were used for navigation and 

mapping in the field. It was also used for construction of simplified map and profiles in this 

thesis. A Silva Expedition S compass was used for recording structural data. The right hand 

rule (dip always are to the right when looking along the strike direction) was applied when 

measuring planar data. The strike/dip measurements were later transformed to dip azimuth/dip 

measurements for plotting in the stereonet program and are also used consequently through 

the thesis. All the strike and trend readings were corrected for a magnetic declination of 27° 

towards west. A Garmin etrex GPS was used to determine correct position of the samples and 

the localities in the field. 
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The map, profiles and figures were prepared using the software Adobe Illustrator CS5 and 

Adobe Photoshop CS6. Structural measurements were plotted in stereographic projecting 

software called Stereo32, written by members of the Ruhr University Bochum 

(http://www.ruhr-uni-bochum.de/hardrock/downloads.html). The thin section photos were 

taken with a Leica DC 280 camera and manipulated in Adobe Photoshop CS6. 

1.3.2 Laboratory methods 
The samples collected in the field were sawn into small rectangles with a diamond saw at the 

Department of Geosciences, University of Oslo by Salahalldin Akhavan. Thin sections were 

made out of 22 samples and where later investigated with the following methods: 

- Optical microscopy 

- Electron Microprobe (EMP) 

- Average PT software (THERMOCALC) 

These analytical methods are described in more detail in chapter 5. 

1.4 Thesis structure 
The thesis is build up in seven chapters. Chapter 2 comprises the geological setting and 

previous work in regional context. Chapter 3 comprises the geology in the study area and a 

division of lithotectonic units. Chapter 4 and 5 comprises the structural and petrological 

results. The results are discussed in chapter 6 and a conclusion is given in chapter 7. 

 

  

http://www.ruhr-uni-bochum.de/hardrock/downloads.html
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2. GEOLOGICAL SETTING 
2.1 Introduction 
This section starts with a brief introduction to the Caledonian orogen in general before an 

overview of the Caledonides in North-East Greenland is given. Thereafter, previous work is 

summarized, followed by description of the lithostratigraphy and the structure of the southern 

Greenland Caledonides.  

The structure of the Greenland Caledonides has for long been under discussion, which is also 

the basis for this study, thus there will be given a summary of these views in this chapter. 

2.2 The Caledonides  
The Caledonian orogeny is the result of the closure of the Iapetus Ocean with the subsequent 

collision of the two supercontinents Laurentia (North America and Greenland) and Baltica 

(Scandinavia), and the smaller continent Avalonia in Ordovician to Silurian time. The 

collision of the continents led to formation of a mountain chain with the size of today’s 

Himalaya (Higgins et al., 2004). Today, the Caledonides extend in a north-south direction and 

the remnants of the mountain chain are exposed on both sides of the North Atlantic, in 

Svalbard, North East Greenland, Eastern North America, western Scandinavia and the British 

Isles. The mountain chain is also stretching further south and is there called the Appalachians. 

The Appalachians were formed due to the collision between the Laurentian continent, other 

micro-continents and the Gondwana continent (Henriksen et al., 2008), but will not be 

discussed further in this thesis. Distribution of the Caledonides and the Appalachians is 

illustrated in Fig. 2.1. 
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Figure 2.1 Simplified map showing the extent of the Caledonian-Appalacchian orogeny 
following collision between Baltica – Laurentia in the North Atlantic, and Laurentia and 
Gondwana in the Central Atlantic. The Caledonides are marked in orange and the 
Appalachians in blue. From (Henriksen et al., 2008). 

 

2.3 The Regional geological setting of the southern Greenland 
Caledonides 
As the two continents collided, Baltica was subducted beneath Laurentia, which led to 

development of thrust systems with both westward and eastward movement of thrust sheets 

(Higgins and Leslie, 2008). The Scandinavian Caledonides comprise four allochthons 

structurally on top of the Baltic basement and its autochthonous cover. The four main 

tectonostratigraphic elements are; the Lower, Middle, Upper and Uppermost Allochthons 

(Roberts and Gee, 1985). The Greenland Caledonides show a different thrusting pattern and 
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comprise three allochthons instead of four, and were transported towards the west instead of 

east. 

The Greenland Caledonides are situated in the northern part of East Greenland and stretch 

from about 70° to 82° N (Figs. 1.1 and 2.1). The rocks involved in the orogen covers about 

300 km from east to west and 1300 km from north to south and had a horizontal shortening of 

approximately 40-60% (Higgins and Leslie, 2000; Higgins et al., 2004). The Caledonides of 

North-East Greenland show a top-to-the-west displacement of the allochthonous nappes 

(Higgins and Leslie, 2000). Most of the Caledonian thrust front in North-East Greenland is 

covered by glaciers or inland ice, except in Dronning Louise Land and northernmost 

Greenland. The unavailable bedrock (due to the glacial cover) and the harsh Greenland 

climate can be the main reason for the Greenland Caledonides being less investigated than the 

Scandinavian Caledonides. 

In this master thesis the Greenland Caledonides have been sub-divided into three segments; 

(1) a northern segment situated between 79°-82° N, (2) a central segment situated between 

76°-79° N and (3) a southern segment situated between 70°-76° N, see Fig. 1.1. The three 

segments show different structural development and comprise different lithologies. The 

northern segment mainly comprises a foreland-propagating thrust pile involving 

Mesoproterozoic, Neoproterozoic sedimentary sequences. The central segment is dominated 

by high-grade Paleoproterozoic orthogneisses that where reworked during the Caledonian 

orogeny. Several major strike-slip zones subdivide the central segment into tectonic block or 

terraines (Higgins and Leslie, 2008; Gilotti and McClelland, 2008; Holdsworth and Strachan, 

1991). The southern segment also comprises a foreland-propagating thrust pile like the 

northern segment, but the southern segment contains different sedimentary basins than the 

northern segment and is in addition cross-cut by various extensional faults. This is where the 

fieldwork was conducted. The southern segment is dominated by Paleoproterozoic gneisses 

locally with Archean gneisses (Higgins and Leslie, 2008), below a thick sequence of Late 

Mesoproterozoic and Neproterozoic to Early Ordovician sediments. These are thrusted 

westward on top of a basement with a thin Late Neproterozoic cover sequence. In the very 

south near Scoresby Sund, in Renland, Milne Land and Liverpool Land (Fig. 1 1), there are 

Middle Ordovician to Silurian I-type granitoides with geochemical and isotopic signatures 

typical of arc magmas (Kalsbeek et al., 2008a; Rehnström, 2010; Augland et al., 2011; 

Augland et al., 2012). 
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2.4 Earlier expeditions and previous work in the southern 
segment of the Greenland Caledonides 
The earliest expedition to North-Eastern Greenland was led by William Scoresby in 1822. He 

was the first to study the Geology in the Scoresby Sund region (Fig. 1.1). Several expeditions 

and explorations where done after this (Henriksen and Higgins, 2008b).  

In 1926-1927, Lauge Koch led an expedition to North-East Greenland with three geologists. 

The main objective was to do a general geological survey of the region north of Scoresby 

Sund (70°30ˋ). In the period from 1926 to 1958  Koch led several expeditions were he and his 

teams were doing basic geological mapping of the region from 72° to 76°N (Henriksen and 

Higgins, 2008a). The late Precambrian sedimentary succession, the Eleonore Bay Formation 

was named by Koch, and was later called the Eleonore Bay Supergroup (EBSG) by 

Sønderholm and Tirsgaard (1993). 

John Haller spent his first summer in Greenland in 1948 and participated in Koch`s expedition 

as a chief geologist the next ten summer field seasons. Based on this work 13 map sheets of 

the 1:250,000 Geological Map of East Greenland 72°N - 76°N was printed in 1965 and 

published by Haller and Koch in 1971. Haller is known for his book “The East Greenland 

Caledonides” and for his interpretation of the structure in the central part of the Caledonian 

fold belt in North-East Greenland, a model he called a “Stockwerk” structure (Haller, 1971).  

Systematic geological mapping has been carried out since 1968 by the Geological Survey of 

Greenland, late renamed the Geological Survey of Denmark and Greenland (GEUS). In 

context with the book publication of “The Greenland Caledonides - Evolution of the 

Northeast Margin of Laurentia”, GEUS published a geological map at 1:1,000,000 scale of 

the Caledonian orogeny in East Greenland. This is based upon five 1:500,000 geological maps 

completed between 1984 and 2001 (Henriksen and Higgins, 2008). 

Reconnaissance mapping and geochronology investigations have also been carried out the last 

twenty years by faculty members and students from the University of Oslo led by Arild 

Andresen, as well as British and American universities which have been working in the 

Greenland Caledonides after the 1970s. 
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2.5 Main lithotectonic units of the southern segment of the 
Greenland Caledonides 
The main lithological units of the southern Greenland Caledonides are the Archean to 

Paleoproterozoic gneisses, the Late Mesoproterozoic Krummedal sequence, the 

Neoproterozoic Eleonore Bay Supergroup and then late Neoproterozoic to Lower Paleozoic 

Tilltite and Kong Oscar Fjord Groups (Fig 1.1). The different units are described briefly 

below.  

2.5.1 Archean to Paleoproterozoic gneisses 
Large areas of the southern segment of the Greenland Caledonides consist of a gneiss 

complex which is dominated by different types of orthogneisses, with lesser amount of 

paragneisses, schist, marbles and ultramafic rocks. These gneisses occur both in the 

autochthonous foreland and in allochthonous thrust units. The thickness of this gneiss 

complex is a few hundred meters thick above the Målbjerge Window but increase to 2-3 km 

to the south (Higgins et al., 2004). The age of the allochthonous basement is Archean, Paleo-, 

Meso- and Neoproterozoic and is best preserved in the southernmost part of the orogeny 

(Thrane, 2002). The age determinations in the southern part of the segment gave Archean 

protolith ages for some orthogneisses, whereas in the northern part only Paleoproterozoic ages 

could be detected. This indicates that the basement is younging northwards (Kalsbeek et al., 

2008b). The orthogneiss complex formed part of the northeast margin of Laurentia prior to the 

Caledonian orogeny (Higgins and Leslie, 2008).  

2.5.2 The Krummedal sequence 
The Krummedal sequence is seated structurally on top of the allochthonous orthogneiss. The 

Krummedal sequence mainly consists of metamorphosed clastic sediments (sand-, silt- and 

claystones) with minor limestones and mafic volcanics of latest Mesoproterozoic to lower 

Neoproterozoic age (Higgins et al., 2004). It is probably correlative with the Smallefjord 

sequence (White and Hodges, 2003), which can be found in the Ardencaple fjord region (Fig. 

1.1). The contact with the underlying gneiss complex is generally strongly tectonized 

(Andresen and Hartz, 1998; Higgins et al., 1981; Higgins et al., 2004). 

The metasediments of the Krummedal sequence are separated into two lithological units: an 

extensively migmatized unit, and a non-migmatized unit. The migmatization is a result of 

partial melting of metapelitic rocks due to the intrusion of leucogranitic plutons and dikes 

during the Grenvillian event (c. 940-910 Ma) (Kalsbeek et al., 2000; Watt et al., 2000; 
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Higgins et al., 2004) and the Caledonian event (435-420 Ma) (Hartz et al., 2001). The 

leucogranites from the Caledonian event are also intruding the lower part of the overlying 

Eleonore Bay Supergroup (Higgins et al., 2004; Andresen et al., 2007; Hartz et al., 2001; 

Kalsbeek et al., 2001). 

2.5.3 The Eleonore Bay Supergroup and the overlying Neoproterozoic to 
Early Paleozoic deposits 
 

The Eleonore Bay Supergroup 

The Eleonore Bay Supergroup (EBSG) occurs stratigraphically on top of the Krummedal 

sequence. A conformable or slight angular unconformity is inferred to have been existed 

between the two units (Smith and Roberson, 1999). The primary contact is however most 

places obscured by intense Celdonian strain and metamorphism, or younger extensional 

faults. The Eleonore Bay Supergroup is overlain by the Late Neoproterozoic Tillite Group and 

the Early Paleozoic Kong Oscar Fjord Group (Higgins and Leslie, 2000). 

The EBSG is over 13 km thick (in the southern segment) and is dominated by Neoproterozoic 

clastic and carbonaceous sediments (Higgins et al., 2004). It is divided into groups and these 

are from base to top: the Nathorst Land Group, the Lyell Land Group, Ymer Ø Group, and the 

Andreè Land Group (Sønderholm and Tirsgaard, 1993), see Fig. 2.2.  

The two lowermost of these groups consist of alternating sandstones and mudstones which are 

variably metamorphosed (Sønderholm and Tirsgaard, 1993) whereas the upper part becomes 

more calcareous (Sønderholm et al., 2008).  

The Nathorst Land Group is the thickest of the groups, up to 11 000 m, and makes up the 

lower part of the Eleonore Bay Supergroup. The group consists of successions of alternating 

units of quartz-rich sandstones, banded sandstones and mudstones (Sønderholm and 

Tirsgaard, 1993).  

The Lyell Land group has a thickness varying between 2000 and 2500 meter and consist of 

alternating sandstones and silty mudstones which represent siliciclastic marine shelf 

environments (Sønderholm and Tirsgaard, 1993). 

The Ymer Ø group has a thickness of 900-1000 m and consist of siliciclastic mudstone and 

sandstone, limestone and dolomites and represent a wide range of depositional environments 

(Sønderholm and Tirsgaard, 1993). 
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 The Andreè Land group has a thickness between 900 and 1500 m and consist of limestone 

and dolomite, which represent carbonate platform environments (Sønderholm and Tirsgaard, 

1993). The sediments of the EBSG where deposited in the Eleonore Bay basin. The basin 

formation was associated with the rifting of the supercontinent Rodnia and the subsequent 

creation of the Iapetus Ocean (Sønderholm et al., 2008). 

 

 

Figure 2.2. Lithostratigraphic column showing the subdivision of the Eleonore Bay 
Supergroup, and the overlying sediments of the Tillite and Kong Oscar Fjord Groups 
(together comprising the Franz Joseph allochthon). The column also shows the relative 
thickness and the age of the different units. Modified from Sønderholm et al. (2008). 

 

The lower part of the EBSG (Nathorst Land Group) is metamorphic and the metamorphic 

grade increases downwards (Hartz and Andresen, 1995; Smith and Roberson, 1999). 
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The Tillite Group and Kong Oscar Fjord Group 

The Tillite Group is lying above the EBSG. The group is about 800-1000 m and consists of 

diamictites, sandstones, mudstones and carbonates (Higgins et al., 2004).  

The Cambrian-Ordovician Kong Oscar Fjord Group is above the Tillite Group and comprises 

4,5 km of carbonates, and siliciclastics at the base (Higgins et al., 2004).  

Unlike the lower part of the EBSG, the Tillite Group and the Kong Oscar Fjord Group consist 

of non-metamorphic sediments (Smith and Roberson, 1999). The Tillite and Kong Oscar 

Fjord Groups only crop out at small localities in the southern segment and were not 

encountered during this study. Similar, very condensed sedimentary units of Paleozoic age 

also occur on top of the Paleoproterozoic orthogneisses within several foreland windows. 

2.6 Structure of the southern segment of the Greenland 
Caledonides 
The Greenland Caledonides in general consist of an extensive thrust complex tectonically 

transported westward on top of a Paleozoic basement with its thin cover of Neoproterozoic to 

Cambrian sediments. 

The structure and tectonic model of the southern Greenland Caledonides has been a topic for 

discussion for many decades. The Fjord Region Detachment Zone (FRDZ) (two segments of 

this detachment are shown in Fig. 2.3) was for many years interpreted as a thrust. However, 

was later documented to be an extensional detachment by Hartz and Andresen (1995) in 

Kejser Franz Joseph Fjord (Fig. 1.1).  

Tectonic units, structure and different models of the architecture of the southern segment of 

the Greenland Caledonides are described below. 
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2.6.1 Tectonic units 
The southern Greenland Caledonides are here divided in four main tectonic units, which are 

the foreland, the foreland windows, a thrust sheet complex and the overlying Franz Joseph 

Allochthon in the hanging wall to the FRDZ. 

The foreland 

Most of the Caledonian foreland is covered by the inland ice in the southern segment of the 

Greenland Caledonides. In Hamberg Gletscher, a small part of the foreland is revealed (Fig. 

1.1). The foreland basement comprises Archean to Paleoproterozoic metamorphic gneiss 

complexes accreted in juvenile calc-alkaline arcs and the age is between c. 1800 and 2000 Ma 

(Kalsbeek et al., 1993; Thrane, 2002). 

The foreland windows 

Between 70°-75° N, the Charcot Land, Gåseland, Målebjerg and Eleonore Sø windows are 

exposing the foreland below the overlying thrust sheet complex, otherwise it is hidden 

beneath the Inland Ice (Fig. 1.1). The sequences in the foreland windows show some degree 

of Caledonian deformation which indicates that the foreland is para-autochthonous rather than 

autochthonous (Higgins et al., 2001; Higgins and Leslie, 2000; Higgins et al., 2004). 

In the Eleonore Sø window the orthogneisses are overlain by Paleoproterozoic 

metamorphosed lavas, carbonates, mudstones and sandstones (Eleonore Sø supracrustal 

rocks), and the Paleozoic Slottet Formation and the Målbjerge Formation which can be 

correlated with the similar occurrences in Målbjerge window (Higgins and Leslie, 2008). The 

Eleonore Sø window is situated north of the Petermann Bjerg region (Fig. 1.1). 

The Målbjerge window is situated west of the Andreè Land region (Fig. 1.1). It comprises the 

orthogneisses which are overlain by diamictites and sandstones from the Tillite Group, quartz 

sandstones with Skolithos from the Slottet Formation, and dolostones and limestones from the 

Målbjerge Formation (Higgins and Leslie, 2008). 

The Charcot Land window is situated west of the Kong Oscar Fjord (Fig. 1.1). It comprises 

diamictites of the Tillite Group which can be correlated with the Målbjerge window. The 

window also contains granite (Charcot Land granite), metasedimentary rocks and pillow lavas 

(Charcot Land supracrustal rocks) (Higgins and Leslie, 2008).  
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In the Gåseland window, diamictites are overlaying the orthogneisses, and over them is a 

thrust zone with sheared quartzites and carbonates. The Gåseland window is situated west of 

the Scoresby Sund fjord (Fig. 1.1). 

The thrust complex 

The Greenland Caledonides are characterized by a regionally extensive thrust complex which 

overrides the foreland. The thrust complex structurally overlies the Paleoproterozoic 

orthogneisses and a thin layer of Vendian to Early Paleozoic sediments in the foreland and 

foreland windows (Andresen et al., 2007; Hartz et al., 2001; Higgins and Leslie, 2000; 

Higgins et al., 2004). The thrust complex consist of two different lithological units: the 

Archean-Paleoproterozoic crystalline gneiss complex and the upper Mesoproterozoic to lower 

Neoproterozoic Krummedal sequence (Higgins et al., 2004).  

The distance from the eastern margin of the Målebjerge window to the foreland gives a 

minimum displacement of the thrust sheet complex with respect to the foreland (Higgins and 

Leslie, 2000; Higgins et al., 2004). Higgins and Leslie (2000) suggested a displacement of up 

to 400 km of the thrust sheet. 

There have been disagreements about the structure and the tectonic units within the thrust 

complex in the southern Greenland Caledonides. This will be discussed further in section 

2.6.3 in this chapter. 

The Franz Joseph Allochthon 

On top of the extensive thrust complex is the Franz Joseph Allochthon. This is the structurally 

highest segment of the tectonic units. The allochthon comprises the up to 18,5 km thick 

Neoproterozoic to Ordovician Eleonore Bay Supergroup, the Tillite Group and the Kong 

Oscar Fjord Group (Higgins and Leslie, 2000). These are widely exposed in the southern part 

of the Greenland Caledonides in Andreè Land, Ole Rømer Land, Kap Hedland and in the 

Petermann Bjerg region (Fig. 1.1). The allochthon is given the name from the east-west 

trending Kejser Franz Joseph Fjord (Higgins et al., 2004).  

The contact between the Franz Joseph Allochthon and the underlying thrust sheet is 

distinguished as the Franz Joseph Detachment (part of the FRDZ described below) in the east 

and the Petermann Bjerg Detachment and Boyd Bastion fault in the west (Higgins et al., 2004; 

Leslie and Higgins, 2008). 
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According to (Higgins et al., 2004) and Leslie and Higgins (2008) the Franz Joseph 

Detachemnt is a complex bedding-parallel shear zone that exhibits evidence of both early 

contractional and later extensional displacements. Gilotti and McClelland (2008) disagree and 

argue for it being a late brittle fault. In Profile a in Fig. 2.4, which is modified from 

(Henriksen and Higgins, 2008a) the contact is drawn as a flat-lying detachment.  

2.6.2 Extensional faults 
The southern Greenland Caledonides is cross-cut by three different extensional systems. The 

extensional faults are trending in a generally north-south direction and they split in to smaller 

extensional faults (Gilotti and McClelland, 2008). 

The FRDZ is the largest of the extensional systems and stretches from 70° to 74° N. It is an 

east-dipping high-strain zone separating the low grade EBSG from the underlying high grade 

rocks (gneisses and migmatites), where the EBSG dominates the hanging wall (Andresen and 

Hartz, 1998; Hartz and Andresen, 1995). It comprises several segments and splay faults e.g. 

the Rendalen Fault, the Grejsdalen Fault, the Høyedal Detachment and the Tinderen 

Detachment (Fig. 1.1). These were active both during and after the Caledonian orogeny 

(Andresen and Hartz, 1998; White and Hodges, 2003). In Andreè Land, where the fieldwork 

was conducted, the Grejsdalen Fault and the Rendalen Fault are prominent features.  

The Petermann Bjerg Detachment System is situated in the Petermann Bjerg region between 

73° N and 74°N (Fig. 1.1). It has a down throw to the west with the Neoproterozoic EBSG in 

the hanging wall and is interpreted as an extensional detachment by Gilotti and McClelland 

(2008). 

The Boyd Bastion Fault is a high-angel extensional fault situated west of the Petermann Bjerg 

region between 73°N and 74°N (Fig. 1.1). The fault has a down throw to the east where the 

EBSG is juxtaposed against the Krummedal sequence (Higgins and Leslie, 2008). The 

vertical displacement is suggested to be c. 10-15 km by (Larsen and Bengaard, 1991). The 

Boydbastion Fault is interpreted as a later and more brittle feature relative to the Petermann 

Bjerg Detachment (Gilotti and McClelland, 2008). 
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The structure and tectonic model of the southern Greenland Caledonides has been a discussed 

theme for many decades, especially the FRDZ. This contact is placing the low-grade, variable 

metamorphosed EBSG in the hanging wall above the high-grade metasedimentary rocks of 

the Krummedal sequence in the footwall (Andresen and Hartz, 1998; Hartz and Andresen, 

1995).  

According to Henriksen (1985), the tectonic model for the southern Greenland Caledonides 

was westward directed thrusting of Caldonian age. The transport of the hanging wall 

separating the variable metamorphosed metasedimentary rocks of EBSG from the underlying 

gneisses. The FRDZ at the base of EBSG was also interpreted as a thrust by several other 

authors (Rex and Higgins, 1985; Larsen and Bengaard, 1991). 

Soper and Higgins (1993) interpreted the FRDZ as an Upper Proterozoic (Vendian) 

extensional fault related to the opening of the Iapetus Ocean, which was locally reactivated as 

a thrust during Caledonian shortening. Strachan (1994), on the other hand claimed that the 

extension occurred during the Late Silurian to Early Devonian and was probably a response to 

the crustal thickening in the early stage of the orogeny. 

In more recent years Andresen and Hartz from the University of Oslo documented the FRDZ 

to be an extensional shear zone rather than a thrust fault, and that the age was late Caledonian 

(Andresen and Hartz, 1998; Hartz and Andresen, 1995). The FRDZ has now been interpreted 

as a long-lived extensional fault (Higgins et al., 2004). The extensional movement along the 

detachment zones started in the late Silurian time (Andresen et al., 2007). This age is 

indicated by the work on U-Pb age of syn-extensional granitic dikes done by Hartz et al. 

(2001). 
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2.6.3 Thrust complex models 
Map of the Caledonides of North-East Greenland, initiated by the former GGU and completed 

by the present GEUS (Henriksen and Higgins, 2008a), is showing the region between 70°N 

and 82°N in a 1:1,000,000 scale. Fig. 2.3 is an excerpt from this map showing the Rendalen 

and Grejsdalen Faults which are segments of the FRDZ. In this map both of the faults are 

drawn as extensional faults in the Rendalen and Grejsdalen valleys. Further north, however, 

close to the Målbjerge window, they are drawn as thrusts. The discrepancy is the result of two 

models which will be described in the following sections. 

 

Figure 2.3. Map view of Grejsdalen and Rendalen fault (marked with blue ovals) and the 
transition between thrust fault and extensional fault (marked with green arrow). Modified 
from (Henriksen and Higgins, 2008a). 
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The internal structure of the thrust complex of southern Greenland Caledonides has been 

interpreted in various ways. The two major views/models of the structure of the thrust 

complex are: 

1. The Thrust complex comprises two separate thrust sheets and an overlying allochthon. 

These are the Niggli Spids Thrust Sheet and the Hagar Bjerg Thrust Sheet (Higgins et 

al., 2004; Higgins and Leslie, 2000). 

2. The thrust complex consists of one single thrust sheet which shows internal isoclinal 

folding and repetition of the layers (Andresen et al., 2007; Haller, 1971). 

 

Figure 2.4. a) Profile showing thrust complex divided in two separate thrust sheets. Modified 
from (Higgins and Leslie, 2008). b) Profile showing the thrust complex comprising one single 
thrust sheet with internal isoclinals folding. Modified from Andresen et al. (2007).  
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According to (Higgins et al., 2004; Higgins and Leslie, 2000; Higgins and Leslie, 2008; 

Leslie and Higgins, 2008) the thrust complex is divided in two separate thrust sheets which 

are referred to as the Niggli Spids Thrust Sheet and The Hagar Bjerg Thrust Sheet (Fig. 2.4a). 

The Hagar Bjerg thrust sheet is tectonically overlain by the Franz Joseph allochthon. In 

Profile a in figure 2.4, the boundary between the two thrust sheets is marked as a flat lying 

thrust zone. One problem with this model is that the original Hagar Bjerg thrust sheet is in 

most areas overprinted by later extensional deformation associated with the FRDZ and does 

not show evidence of earlier thrusting, as for example in the Rendalen valley (see Chapter 4 

below).  

Andresen et al. (2007) on the other hand do not agree with the first model. They argue for a 

thrust complex comprising one single thrust sheet which they call the Niggli-Hagar Thrust 

Sheet, and the overlying Franz Joseph Allochthon (Fig. 2.4b). Internal folding of the Niggli 

Hagar Thrust Sheet led to repetition of units, which was originally interpreted by (Haller, 

1971) and later by Andresen et al. (2007). They claim that there are no indications for a thrust 

separating the two units from each other, or the Franz Joseph Allochthon from the underlying 

thrust sheet. 
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3. GEOLOGY OF THE STUDY AREA  
3.1 Introduction  
The study area is restricted to a transect, approximately 35-40 km long, from the Rendalen in 

the west, via Djævelkløften, to Grejsdalen in the east, in the central part of Andreè Land (Fig. 

1.1).  

The Rendalen-Grejsdalen transect represents a profile from the non-migmatized 

metapsammites in the lower part of the Krummedal sequence, through the migmatized upper 

part of the Krummedal sequence and ends in the stratigraphically and structurally lower part 

of the Eleonore Bay Supergroup.  

The general structure of the study area will be presented with the help of a geological map 

(Fig. 3.1). The map shows the geology along the Rendalen-Grejsdalen transect, division of the 

different units and the general lithology they represent. Geological structures like folds and 

faults are also illustrated in the map and in profiles, and are described in detail in chapter 4. 

Two simplified geological profiles based on the geological map are given in Fig. 3.2. Their 

locations are marked as pink lines in the geological map (Fig. 3.1). The profiles also show the 

dominant lithologies and the main fold- and fault structures. 

Then, the general geology is described with the help of field photographs (Figs. 3.3 – 3.8) and 

the locations of these photographs are shown in Fig. 3.9. The coordinates of all waypoints 

mentioned in the text are summed up in Table 3.1. 
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3.2 General structure of the study area 
Two fault zones, the Rendalen Fault and the Grejsdalen Fault, separate the field area into 

three different tectonic units: 1) The unit separated by and located in the hanging wall of the 

Grejsdalen Fault is informally called here the Grejsdalen unit. 2) The unit between the 

Grejsdalen Fault and Rendalen Fault is informally called the Djøvelkløften unit. 3) The unit 

under the Rendalen Fault is informally called the Rendalen unit (Fig. 3.1). All three units are 

well exposed in the study area (the Grejsdalen-Rendalen transect), and a general description 

of the main lithologies present in the tectonic units is given below. 

Different magmatic rocks occur in all three units. Large and small intrusives are abundant in 

the Djevelkløften unit but are restricted to an orthogneiss layers parallel the compositional 

banding in the Rendalen unit. In the Grejsdalen unit, one large pluton (the Grejsdalen Pluton) 

appears in the lower part of the EBSG. This pluton is dated to be c. 431 Ma by Andresen et al. 

(2007) and is prominent close to the contact with the Krummedal sequence. The intrusions in 

the migmatized Krummedal sequence are of both Grenvillian (c. 950-900 Ma) and Caledonian 

age (c. 435-420 Ma) (Kalsbeek et al., 2000; Kalsbeek et al., 2001; Kalsbeek et al., 2008a; 

Andresen et al., 2007). Most of these are S-type leucogranites and were formed by anatexis of 

schist and paragneisses of the Krummedal sequence (Kalsbeek et al., 2000; Kalsbeek et al., 

2001; Kalsbeek et al., 2008a).
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Figure 3.1. Geological map showing the main tectonic units, general lithologies and geological structures of the study area. 
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Figure 3.2. Geological profiles showing the Rendalen-Grejsdalen transect. a) The northern side of the valleys. b) The southern side of the 
valleys. 
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3.3 Lithologies in the Grejsdalen unit 
The Grejsdalen unit crops out in the Grejsdalen valley in the north-eastern part of the field 

area. Both the Nathorst Land Group and the Lyell Land Group of the EBSG are visible here 

and are bounded by the Grejsdalen Fault and the Grejsdalen Pluton (Fig 3.3). 

 

Figure 3.3. The Lyell Land Group on top of the Nathorst Land Group. The border of the 
Grejsdalen Pluton is marked with a red line. Small aircraft in the red circle for scale. Photo 
looking north. 

 

The Nathorst Land Group 

The Nathorst Land Group is the lowermost part of the EBSG and the thickness of the section 

in the Grejsdalen valley is about 400-500 m. 

The lithology of the Nathorst Land Group is dominantly psammites, pelites and quartzite. 

Lenses and layers of calc-silicate are observed several places in the Nathorst Land Group.  

The metamorphic grade of the Nathorst Land Group is garnet/biotite-grade (more details in 

chapter 5). Contact metamorphism and partial melting is observed in the vicinity of the 

Grejsdalen Pluton. 
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The Lyell Land Group 

Only the lowermost 150-200 meters of the Lyell Land Group which overlies the Nathorst 

Land are exposed in the Grejsdalen valley. 

No detailed mapping of this group was carried out as it makes up the high peaks surrounding 

Grejsdalen. Examination of the peaks with the use of a pair of binoculars indicates that the 

lower part of the Lyell Land Group is made up of a cliff-forming sandstone unit composed of 

alternating white and grey quartzite. The boundary between the Nathorst Land and The Lyell 

Land Group is indicated on the map (Fig. 3.1) and Profiles (Fig. 3.2). The following 

description therefore only concerns the Nathorst Land Group. Both The Nathorst Land Group 

and the Lyell Land Group are shown in Fig. 3.3. 

Psammites, pelites and quartzites 

Alternating layers of psammites, pelites and quartzites are the dominant lithologies in the 

Nathorst Land Group. 

The psammites are generally grey, massive (cm- to m- thick) and fine grained beds, varying in 

thickness from a few cm to several meters, and separated by millimeter to centimeter thick, 

darker pelitic layers (Fig. 3.4a and b). 

Within the alternating sequences of psammites and pelites, there are some thicker (1-2 m), 

white quartzite beds. They contain thin flakes of white mica. In some places it is possible to 

observe primary sedimentary structures like cross-bedding in the quartzite (Fig. 3.4c). The 

quartzites often have a red surface due to weathering (Fig. 3.4d). 

Calc-silicates 

Brown weathered lenses and layers of calc-silicate lenses are observed in the massive 

quartzite locally in the Nathorst Land Group. They are most prominent in the white quartzites 

but occur also in the psammitic rocks. There are halos of bright rock containing garnets 

surrounding the lenses. The halos are due to differences in composition resulting in 

metamorphic reactions (Deta Gasser, pers. Com, 2012). The lenses vary in length and 

thickness from a few centimeters to a meter (Fig. 3.4e). 

Grejsdalen Pluton 

The Nathorst Land Group is intruded by a large granitic Grejsdalen Pluton (Figs. 3.3 and 

3.4f). It is well exposed in both sides of the valley (Fig. 3.1). It contains large xenolite bodies 

with tightly folded metasediments of the Nathorst Land Group (Fig 3.4f). The pluton seems to 
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stop at the top of the Nathorstland Group and is not penetrating the Lyell Land Group (Figs. 

3.1 and 3.2).  

 

Figure 3.4. Representative lithologies of the Grejsdalen unit. a) Alternating layers of 
psammitic and pelitic rocks. Pen for scale, (WP 2). b) Pelitic rock. Hand for scale, (WP 2). c) 
Quartzite with cross-bedding. Hammer for scale, (WP between 6 and 7). d) Quartzite layer, 
red due to weathering. Approximately 2 meter thick. Hammer for scale on the right side, (WP 
10). e) Calc-silicate lens in quartzite. Notice the primary bedding structures in the calc-
silicate lens. Hammer for scale, (WP 5). f) Grejsdalen Pluton with xenolite on the southern 
side of Grejsdalen valley. Notice the folded layers in the xenolite. The xenolite is 
approximately 50 meters high.  
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3.4 Lithologies of the Djævelkøften unit 
The Djævelkløften unit is the structurally and (stratigraphically?) upper part of the 

Krummedal sequence and consists mainly of variably migmatized rocks. As described in 

chapter 2.5.2, the Krummedal sequence mainly consists of clastic metasedimentary rocks such 

as psammites, quartzites and pelites. The central part of the Djævelkløften unit has been 

divided in four lithotectonic units, see Fig. 3.5. The lowermost unit is dominated by a large 

plutonic body. The overlying unit comprises a rusty brown pelitic lithology. The third unit 

comprises a red weathering, psammitic rich lithology. The uppermost unit is a well layered 

unit with numerous felsic intrusives. This subdivision is easily seen in the central part of the 

Djævelkløften valley but is less distinct in the rest of the Djævelkløften unit.  

 

Figure 3.5. The Krummedalen sequence in the central Djevelkløften unit divided in four units. 
The cliffs are c. 1250 meters high, (WP 13).   
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It is observed a stratiform pyroxenite layer in the uppermost part of the cliffs in the 

Djævelkløften unit. The pyroxenite can be followed for quite a distance and appear as large, 

dark easily identifiable blocks in the valley floor (Fig. 3.6a). The pyroxenite layer follows the 

folding (Fig. 3.2b) and 3.6b).  

 

Figure 3.6. a) Large blocks of pyroxenite in the valley floor in Djævelkløften. Musk ox for 
scale. See fig. 3.9 for location. b) Pyroxenite layer (dark layer in the middle of the picture) in 
the cliffs in Djævelkløften unit. Thickness of the Pyroxenite layer is approximately 4 meters. 
See Fig. 3.9 for location. c) Calk-silicate lens with large garnets. Lenscoat for scale, WP 4. d) 
Calk-silicate lens in the Djævelkløften unit. Hammer for scale, WP 4. 

 
Lenses and layers of calc-silicate are also observed. The calc-silicate lenses comprise a white 

matrix which contains large pink garnets with the size of c. 5 millimeter, surrounded by 

amphibole or pyroxene at the rims of the lenses (Fig. 3.6c). The length and thickness of the 

lenses vary from centimeters to few meters (Fig. 3.6c and d). 
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Intrusions 

The Krummedal sequence in the Djevelkløften unit is heavily intruded by felsic melts. The 

intrusions vary in thickness and length from few centimeters to several hundreds of meters 

(Fig. 3.7). Some intrusions are highly deformed and are in some places showing tight to 

isoclinal folding (Fig. 3.7a), whereas other intrusions cross-cut the main foliation in the 

surrounding migmatites (Fig. 3.7b and d). 

There are observed two generations of intrusions in the Krummedal sequence in the 

Djevelkløften unit, and both generations are clearly visible in the mountain sides in the 

Grejsdalen valley. Here the first generation of intrusions is parallel to the compositional 

banding with a thickness ranging from 2 to 10 meters. The intrusions are folded together with 

the compositional banding a synclinal fold (Fig. 3.7d). The second generation of intrusions is 

sub-horizontal and truncates the first granite generation. The thickness of the second 

generation dykes is between 2 to 4 meters and they have a boudinage structure. It seems like 

the intrusions parallel to the compositional banding are cut by the semi-horizontal intrusions, 

which indicates that there are at least two generations of intrusions. It also seems like they 

were being emplaced prior to folding and the semi-horizontal intrusions being syn- or post-

folding. 

Some units are intensely intruded by relative thin (cm to few m thick) melt layers that show a 

clear layering. These migmatites are informally called the “layer cake” unit due to the 

appearance of the light melt in the dark host rock. This unit is restricted to the uppermost unit 

in the central Djevelkløften (Fig. 3.5).  
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Figure 3.7. a) Small scale intrusions and migmatitic layering. The intrusions are isoclinally 
folded. Pen in the picture for scale (WP 12). b) Foliation-parallel and cross-cutting 
intrusions. Person in picture for scale (WP 12). c) Large scale intrusions, approximately 150 
m thick. See Fig. 3.9 for location. d) Two sets of intrusions, compositional banding parallel 
and semi-horizontal. The intrusions parallel to the compositional banding are about 2-10 m 
thick. See Fig. 3.9 for location. 
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3.5 Lithologies of the Rendalen unit 
The footwall block of the Rendalen Fault is dominated by psammitic rocks and quartzites 

interbedded with thinner pelitic units. The psammitic layers vary in thickness from 0,5 

centimeters to 0,5 meters (Fig. 3.8a). The pelitic layers are less than 0,5 centimeters thick. 

Few intrusions were observed in the Rendalen unit. They were not large plutons or cross-

cutting bodies like those observed in the Krummedal sequence of the Djevelkløften unit. They 

are instead highly sheared foliation-parallel orthogneisses (Fig. 3.8d). 

 

 

Figure 3.8. Representative lithologies in the Rendalen unit. a) Interbedded psammitic rock, 
quartzite and pelitic rock, Person for scale. (WP 24). b) Psammitic rock (red) and quartzite 
(grey). Hammer for scale, (WP 27). c) Folded psammitic rock. Pen for scale, (WP 16). d) 
Thin orthogneiss layer within the metasedimentary unit. Pen for scale, (WP 16). 
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Table 3.1. Waypoints, coordinates and samples. 

Waypoint Date Coordinates, °N Coordinates, °W Altitude Samples 
1 28.07.2012 10:58 73.58925  26.02209 516 m  
2 28.07.2012 16:34 73.60567  26.07941 866 m KH12-01, -02 
3 28.07.2012 20:36 73.60373  26.08071 717 m KH12-03 
4 29.07.2012 18:03 73.60898  26.16549 790 m  
5 30.07.2012 12:49 73.60370  26.09540 715 m KH12-04a, -04b 
6 30.07.2012 14:22 73.60527  26.09492 820 m KH12-05, -06 
7 30.07.2012 17:06 73.60533  26.08918 825 m  
8 01.08.2012 15:20 73.59569  26.26752 582 m  
9 02.08.2012 17:46 73.60185  26.02991 692 m KH12-08 
10 02.08.2012 19:23 73.60362  26.03091 811 m  
11 03.08.2012 18:17 73.60642  26.23142 757 m KH12-09 
12 03.08.2012 19:25 73.60775 26.22826 836 m KH12-10 
13 04.08.2012 17:23 73.51873  26.44839 673 m  
14 04.08.2012 22:24 73.49100  26.50434 781 m  
15 05.08.2012 13:39 73.46215  26.66291 692 m  
16 05.08.2012 17:19 73.45701 26.69476 667 m KH12-11 
17 06.08.2012 12:45 73.50883  26.46726 715 m  
18 06.08.2012 18:10 73.57927  26.30726 608 m KH12-12 
19 08.08.2012 13:27 73.60354  26.08200 675 m KH12-13, 14, 15 
20 08.08.2012 16:51 73.59993  26.08894 564 m  
21 08.08.2012 18:27 73.61021  26.11612 993 m KH12-16 
22 08.08.2012 19:18 73.61283  26.11761 1066 m KH12-17, 18, 19 
23 11.08.2012 13:22 73.46108  26.66623 665 m KH12-20 
24 11.08.2012 16:43 73.46026  26.67563 738 m KH12-21, 22 
25 11.08.2012 18:33 73.46003  26.68197 784 m KH12-23 
26 11.08.2012 18:47 73.45935  26.68847 771 m KH12-24 
27 11.08.2012 20:26 73.45355 26.70055 563 m KH12-25, 26 
28 12.08.2012 12:57 73.46190 26.66460 712 m KH12-27 
29 12.08.2012 13:58 73.46392  26.66426 762 m KH12-28 
30 12.08.2012 17:13 73.46711  26.65877 783 m  
31 12.08.2012 19:36 73.47402  26.62950 839 m  
32 12.08.2012 20:05 73.47493  26.63073 897 m  
33 13.08.2012 13:27 73.48514  26.51248 720 m KH12-29 
34 13.08.2012 16:15 73.52444  26.43991 700 m KH12-30 
35 13.08.2012 17:30 73.54192  26.41595 687 m  
36 14.08.2012 13:24 73.58264  26.31746 736 m  
37 14.08.2012 14:20 73.58420  26.31626 755 m KH12-31, 32 
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Figure 3.9. Map showing the photo locations. 
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4 STRUCTURAL GEOLOGY 

4.1 Introduction 
This chapter describes the dominating deformation events and structures in the study area 

deduced from field observations, structural measurements and thin section studies. The 

measurements and samples are collected from the northern part of the valley system, along 

Profile a in Fig. 3.2. 

The main structural features in the Rendalen-Grejsdalen transect are the two large faults 

which represent the boundaries between the different units, and some large scale anticlines 

and synclines in the EBSG and the Krummedal sequence. The orientation of the inferred 

regional folds is supported by observations of compositional banding (bedding?) and 

mesoscopic folds. Two deformation events (D1 and D2) with related lineations (L1 and F1) 

and cleavages (S1 and S2) are recognized in the EBSG. The first deformational event is 

characterized by a west-dipping cleavage whereas the second event is has an east-dipping 

cleavage. 

This chapter consists of several subchapters. First, the terminology used is described. Then, 

structures within the Grejsdalen and Djævelkløften unit are described separately. Finally, 

structures related to the Rendalen and Grejsdalen faults are presented.  
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4.2 Terminology 
The inferred structures show that the rocks in the area have been affected by different 

deformation events. Structures with the same geometry and the structural pattern are 

interpreted to have formed during the same deformation event. When describing the different 

deformation events and the structures related to these, the following terminology will be used. 

Dn : Deformational event. 

Fn : Folds/faults related to the Dn deformational event. 

Sn : Axial plane cleavages related to Fn folds. 

Ln : Lineations related to Dn deformational event. 

n is referring to the event number in the chronological order of deformation events (n  = 1,2,3 

and so on). Superscript letters (G, D and R) refer to which of the tectonic units the deformation 

and structures belongs to. 

In this thesis the planar structures measured are described with dip azimuth/dip and the linear 

structures are described with strike-plunge. 
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4.3 Structural observations in the Grejsdalen unit (Eleonore Bay 
Supergroup) 

4.3.1 East-vergent folding (F1
G)  

Folds in the Grejsdalen unit are seen on map-sale in the mountain sides, macro-scale when 

close up in the field and micro-scale in thin sections. These are described below. 

Map-scale folds  

Large folds (km-scale) are easily recognized in the mountain sides in the Grejsdalen valley. 

The folds are east-vergent and the interpreted axial planes are marked with pink stippled lines 

(Figs. 4.1 and 4.2). The folding is strongest in the Nathorst Land Group and only very weakly 

developed in the overlying competent units of the Lyell Land Group (Fig. 4.1). The folds on 

the northern side of the Grejsdalen valley have a synclinal geometry. Thick, approximately 10 

meter, sandstone layers are prominent fold markers. 

 

Figure 4.1. Map scale folds in EBSG (looking north). a) Profile showing folding of the EBSG 
in the Grejsdalen unit. b) Original photo of fold. Notice younger granite intrusion as white 
semi-horizontal layer crossing the fold. c) Interpreted fold. The fold axial planes are marked 
as pink stippled lines. 
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The map-scale folds visible on the southern side of Grejsdalen valley have been observed 

using binoculars. Contrary to the fold on the northern side, this fold has a box fold geometry 

and is overturned to the east (Fig. 4.2). This fold is not that recognizable compare to the folds 

on the northern side of the valley. Rusty brown colored folded layers of sandstone were best 

observed during overcast conditions.  

 

 

Figure 4.2. Map-scale folds in the EBSG. The photo is looking south but is mirrored for the 
comparison of the folds in figure 4.2. a) Profile showing folding of the EBSG in the 
Grejsdalen unit. b) Original photo of folding. c) Interpreted folding and the fold axial planes 
are marked with pink, stippled lines. The folds have box fold geometry.  
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The bedding (S0
G) is measured across the folds in the northern side of Grejsdalen fault. The 

poles to the bedding measurements are shown with a stereographic projection in Fig. 4.3. The 

calculated beta-axis of the poles is 005-00. 

 

Figure 4.3. Stereographic projection of poles to bedding (S0
G) in the EBSG. The calculated 

beta-axis is 005-00 (red star). 

 

Macro-scale folds  

Macro-scale folds related to the map-scale folds described above have been observed several 

places. For example close to the Grejsdalen Pluton, where a massive quartzite layer has been 

folded (Fig. 4.4a and b). The thickness of the folded layer varies from a few centimeters to 2-

3 meters. The measured fold axis is 006-20 and the axial plane is oriented 060/80. Fig 4.4c 

and d show folding of psammitic layers in the EBSG, on the north side of the Grejsdalen 

valley.  

Parasitic folds are observed in several outcrops related to the meter-scale folds described 

above. The parasitic folds form z-, m- and s-folds (Fig. 4.4e and f). The fold axis is measured 

to be 310-05 and axial plane 090/30. 
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Figure 4.4. Macro-scale folds in EBSG. a) Original photo. Compass for scale, (WP 9). b) 
Interpretation of folded quartzite and sandstone layer. c) Original photo (WP 19). d) 
Interpretation of folded pelitic layers. e) Parasitic folds in EBSG. Original photo. Pen for 
scale, (WP 10) f) Interpretation of folds and parasitic z-, m- and s-folds. View always towards 
the north.  
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West dipping cleavage (S1
G)  

The west dipping cleavages (S1
G) are observed in several outcrops in the EBSG and in thin 

sections (Fig. 4.5). The S1
G are often overprinted by a later deformation (D2

G). Due to the 

overprinting, the S1
G are often folded and crenulated and not as easily seen in thin sections.  

The S1
G are often restricted to the more competent layers and make up dark grey planes in the 

sandstone. The S1 is defined by biotite together with smaller amount of muscovite minerals. 

In thin sections, the minerals making up the S1
G are folded but do not show a specific 

orientation. 

Stereographic projection is made from the measurements of the S1
G, see Fig. 4.6. The fold-

axis measurements of the east-vergent folds lie on the S1
G foliation planes. 



 

45 
 

 

Figure 4.5. S1
G in EBSG. Orientation of the cleavage is marked with black lines. a) Examples 

of S1
G

 from field. Note the crenulated sandstone. Hammer for scale, (WP 3). b) Interpreted 
orientation of S1

G. The cleavage is measured to be 262/70.  c) Examples of S1
G

 from field. 
Pen for scale. (WP 2). d) Interpreted orientation of S1

G. e) Original photomicrograph of 
KH12-14 with plane polarizing lights. See Fig. 5.1 for location. f) Interpretation of S1

G which 
has been folded by S2

G. 
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Figure 4.6 Stereographic projection of west-dipping (S1
G) cleavages and fold axes in the 

EBSG. The cleavages are marked as great circles and the fold axis as red dots. 
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Lineations  

Lineations (LG) are observed in the EBSG and they are defined by biotite and muscovite 

minerals. Stereographic projection is made from lineation measurements, see Fig. 4.7. The 

lineations are parallel to both F1 and F2 fold axes, and it is therefore difficult to say if they 

formed during D1 or D2.  

 

Figure 4.7. Stereographic projection of mineral lineations in the EBSG. 
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4.3.2 East-dipping cleavage (S2
G)  

Besides the large-scale folding and west-dipping axial plane cleavage described above, it is 

observed a younger cleavage throughout the area, mostly in the pelitic layers. This cleavage 

has been interpreted as the S2
G -cleavage. 

The S2
G is restricted to the pelitic layers which are interbedded with the psammitic layers 

(Fig. 4.8a and b). 

The S2
G is also seen in thin section where the cleavage consisting of muscovite and two 

generations of biotite (Fig. 4.8c and d). The S2
G-biotite minerals are elongated and lie along in 

the foliation plane whereas the S1
G-biotites are larger, rounder and lie between the S2

G 

foliation planes. The S1
G-biotites have inclusions of muscovite.  

 

 

Figure 4.8. East-dipping (S2
G) cleavage in the EBSG. a) S2

G in the EBSG. Note that the 
cleavage is restricted to the pelitic layers. Lenscap for scale, (WP 2) b) Interpreted S2

G 
marked with black lines. c) Original photomicrograph of thin section KH12-01 with plane 
polarizing light. See Fig. 5.1 for location. d) Interpreted S2

G. The orientation of the cleavage 
is marked with black lines. Note the two generations of biotite. View always towards the 
north. 
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Measurements of S2
G are plotted in a stereographic projection, see Fig. 4.9. 

 

 

Figure 4.9. Stereographic projection of east-dipping (S2
G) cleavage in the EBSG. 
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Crenulation of S1
G  

Crenulation cleavages are observed in several outcrops in the EBSG. The crenulation is 

mostly in the pelitic layers and crops out in millimeter- to centimeter-scale (Fig. 4.10a and b).  

The crenulation cleavage comprises the S1
G -cleavage which has been folded by a later 

deformation (D2
G) that also formed the S2

G. 

The crenulation is prominent also in photomicrograph, see Fig. 4.10c and d.  

 

 

Figure 4.10. Crenulation cleavage in EBSG.  a) Original photo of crenulation cleavage seen 
in field. Pen for scale, (WP 10). b) Interpretation of crenulation cleavage. c) Original 
photomicrograph of crenulation cleavage in thin section KH12-01 with cross polarizing light. 
See Fig. 5.1 for location. d) Interpretation of crenulation cleavage. 
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Micro-scale folds  

Micro-scale folds are observed in thin section (Fig. 4.11). The folded layers are rich in quartz 

and biotite, and appear to be more competent than the surrounding rock. The minerals 

surrounding the folded layer seem to make up a foliation, whereas the minerals in the folded 

layer do not show any specific orientation. This is probably an F2
G -fold with S2

G as axial 

plane cleavage.  

 

Figure 4.11. Micro-fold in thin section KH12-0. See Fig. 5.1 for location. a) Original 
photomicrograph of fold thin section. f) Interpretation of fold.  
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4.4 Structural observations in the Djevelkløften unit 
(Krummedal Sequence) 

4.4.1 Compositional banding (SX
D) 

The compositional banding in the migmatic rocks of the Krummedal sequence is seen 

everywhere in the Djevelkløften unit (Fig. 4.12). Layers of leucosome layers which have 

thicknesses from a few centimeters to several tens of meters are interlayered with psammitic 

layers. The leucosomes are extensively folded and do often have a horizontal appearance. The 

leucosome layers are parallel to the compositional banding (SX
D). It is no longer possible to 

see the primary bedding in the psammitic rocks, and it is not possible to decide whether SX(or 

1…) is the first penetrative foliation in these rocks or whether it deforms an earlier fabric. 

 

Figure 4.12 a) Outcrop showing the compositional banding. Persons for scale (see Fig. 3.9 
for location). b) Close up photo from black square in a), showing the subhorizontal 
compositional banding present in the entire Djævlekløften unit. View towards the south-east.   

 

4.4.2 Map-scale folds (Fx+1
D) 

Through the Djævelkløften units there are several map-scale folds, both east-vergent and 

west-vergent, see Profiles in Fig 3.2. Due to the orientation of the section through the valley, 

the folds are cut with an angle which makes them hard to be interpreted and illustrated.  

Fig. 4.13 shows a west-vergent fold in the Krummedal sequence in the Djævelkløften unit. 

The fold is in the Grejsdalen valley, in the foot wall of the Grejsdalen Fault and has a 

synclinal geometry. The folding (FX+1
D) comprises the compositional banding (SX

D) and the 

intrusions parallel to the compositional banding. The fold is cross cut by several sub-

horizontal intrusions. These intrusions have a boudinage structure. 
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Figure 4.13.a) Map-scale fold in the Djevelkløften unit.  b) Original photo of folding in the 
Grejsdalen valley. c) Interpretation of fold. The folded compositional banding (SX

D) and 
parallel intrusions are marked with black color and the cross cutting, sub- horizontal 
intrusions are marked with red color. Fold axial plane is marked with light blue, stippled line. 
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Measurements of the compositional banding, fold axes and axial planes related to the 

macroscopic folds from the entire Djævlekløften unit are presented in Fig. 4.14. 

 

Figure 4.14. Stereographic projection of the Compositional banding (SX
D) as lines, fold axes 

as red dots and axial planes as cross. All measurements are from the Djevelkløften unit. 

 

The axial planes measurements from the Krummedal sequence are very different from the 

ones measured in EBSG. The fold axes on the other hand, are almost identical and are 

oriented NW-SE. 
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4.5 Rendalen Fault 
The Rendalen Fault is a NW-SE striking, NE dipping fault. It crops out along the east side of 

Rendalen valley (Figs. 3.1, 3.2, 4.15 and 4.16). To decipher the kinematic history of this fault, 

a systematic study of ductile and brittle structures was done along the north side of the 

Djævelkløften valley, where it intersects with Rendalen. Measurements and samples were 

taken in the north-facing side of the fault outcrop from the hanging wall, the fault zone and 

the foot wall of the Rendalen Fault.   

The Rendalen Fault brings the migmatized rocks of the Djævelkløften unit in the hanging wall 

in tectonic contact with the non-migmatized quartzites of the Rendalen unit in the footwall.  

As discussed in the previous section, this boundary has been variously interpreted. There are 

two models: 1) it is first a thrust, then an extensional fault or, 2) it is only an extensional fault.  

One of the focuses in this study has been to document shear sense indicators, the ductile and 

brittle features and to interpret pressure and temperature of formation (further described in 

chapter 5) from both the footwall and hanging wall of this fault. 

 

 

Figure 4.15. The Rendalen Fault Zone viewed towards NW. The cliff is c. 1000 meters high. 
Migmatized rocks in the hanging wall. 
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4.5.1 Macroscopic structures of the Rendalen Fault 
The Rendalen Fault consists of a foot wall block, a hanging wall block and a regional 

extensive fault zone in between, see Fig. 4.16. The footwall comprises folded quarzites and 

pelites, with thin layers of highly sheared orthogneisses. These lithologies gets more and more 

crushed towards the 50 meter thick fault zone. The hanging wall consists of migmatitic 

gneisses with various intrusions. These rocks are also highly deformed and partly crushed 

close to the fault zone. The hanging wall also comprises thin units of pegmatite (c. 10 

centimeters) and massive quartzite units which are crushed and show no clear foliation. Thin 

layers of calc-silicate units are observed in the quartzites. 
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Figure 4.16. Simplified profile of the Rendalen Fault including stereographic projections of 
the different measurements from the footwall and the hanging wall. Photo localities are also 
shown in this profile. a) Simplified profile of the Rendalen Fault. b) Stereographic projection 
of bedding and biotite lineations in the footwall block. c) Stereographic projection of axial 
planes, fold axes and crenulation lineation in the footwall block. d) Stereographic projection 
of bedding and muscovite lineation in the hanging wall block. e) Stereographic projection of 
axial planes and fold axes in the hanging wall block. Stereographic projection of the fault 
zone itself is shown in Fig. 4.19. 

 

In the following paragraphs the structures are described in order of their inferred relative age. 

First the folds, then the shear bands, then the cataclasites and breccias, and then the late faults. 

4.5.2 Folds 
In the hanging wall of the Rendalen Fault, leucocratic intrusions have been folded and have 

different geometries, shown in Fig. 4.17a-f. The folded intrusions are typical for the 

deformation in the Djævlekløften unit (see above). Some of the folds have been cut by 

younger, brittle faults which is an indication that these fold structures are probably older than 

the Rendalen fault (Fig. 4.17a and b). 

Chevron folds are observed in the hanging wall, see Fig. 4.17c and d. These folds are 

symmetrical and have sharp hinges. The intra foliated fold in Fig. 4.17e and f is a few cm 

thick melt layer which show isoclinal folding. 

The foot wall of Rendalen Fault does also consist of folded rock. Fig. 4.17g and h show 

parasite folds related to larger meter-scale folds. Fold axes in both the hanging and footwalls 

are generally NW-SE striking and axial-planes are slightly dipping towards the SW and NW, 

respectively (Fig. 4.16). 
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Figure 4.17. Folds near the Rendalen Fault. a) Original photo. Hammer for scale. b) Folded 
melt layer in the hanging wall. The folded layer is cut by several faults. Parasitic fold is also 
cut by fault. c) Original photo. Pen for scale. d) Chevron folds in the hanging wall. e) 
Original photo. Pen for scale. f) Isoclinal folded melt layer in the hanging wall. g) Original 
photo. Pen for scale. h) Parasitic folds in the footwall. View always towards the NW. For 
photo locations see Fig. 4.16.  
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4.5.3 Shear bands and shear zones 
Shear bands and shear zones are abundant both in the hanging and footwall of the Rendalen 

fault, as well as within the c. 50 m wide fault zone. All the shear zones/bands observed in the 

Rendalen Fault indicate top-to-the-northeast movement, see Fig. 4.18. 

Clasts deformed by the shear bands are too brittle to form the optimal sigma-shape. The 

geometry of the clasts is formed by the shear bands (Fig. 4.18a and b) and the shear bands are 

oriented 70/50. 

In Fig. 4.18g and h the quartz body is cut by shear bands while quartzite is folded around the 

quartz fragments. The shear band is oriented 60/25. 

All the measurements of the extensional shear bands and brittle faults are plotted in 

stereographic projection in Fig. 4.19. 

Anastomosing shear zones are observed in the hanging wall. They are usually developed in 

the mica-rich layers. 
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Figure 4.18. Shear bands and movement indicators near the fault zone of Rendalen fault (WP 
23). Black arrow show the shear movement while the shear bands are marked with red 
stippled lines. For photo location see Fig. 4.16. a) Original photo. Hammer for scale b) Large 
clast consisting of leucocratic melt which has been formed due to the shear bands. c) Original 
photo. Pen for scale. d) A deformed melt is cut by shear bands into smaller clasts. e) Original 
photo. Pen for scale. f) Cataclasite in shear zone. A deformed melt layer is cut by shear bands 
into smaller clasts. g) Original photo. Lens cap for scale. h) A deformed melt layer cut by 
shear bands while psammitic layer (grey) is folded around the quartz fragments. View always 
towards the NW.  
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Figure 4.19. Stereographic projection of shear bands, brittle faults and lineations in the 
Rendalen Fault.  Shear bands and brittle faults are marked with lines whereas lineations are 
marked with black dots. 

 

Lineations and mineral growth are observed on the fault planes of the faults and is plotted in 

stereonet, see Fig. 4.19. Most of them are mineral lineations, but some of them are also fault 

striations. 

4.5.4 Cataclasites, mylonites and breccias 
Mylonites are recognized within the central fault zone of the Rendalen Fault (Fig. 4.20a). The 

mylonites contain sigma-clasts which show top-to-the-northeast movement. Shear sense 

indicators also appear photomicrograph as deformed micas, see Fig. 4.20b. 

Cataclasites are observed in the hanging wall close to the main or central fault zone of the 

Rendalen Fault (Fig. 4.20c). Photomicrograph of the cataclasies are taken of thin section, see 

Fig. 4.20d. The cataclasite consist of white clasts in a dark matrix. The matrix is similar to the 

rock in a fault plane in a paragneiss found in the hanging wall.  

Dilation breccias are observed in the structurally lower part of the hanging wall, close to the 

fault zone (Fig. 4.20e). The breccia consists of a white quartz-cement with clasts of quartzite.  
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Figure 4.20. Brittle and ductile components in the Rendalen Fault (Wp 23). For photo 
location see Fig. 4.16. a) Mylonite with white sigma-clasts indicating top-to-the-east 
movement. Pen for scale. b) Photomicrograph of mylonite, with flat-lying mylonitic S-
foliation and a steeper C`shear band (thin section KH12-20). See Fig. 5.1 for location. c) 
Cataclasite. Pen for scale. d) Photomicrograph of cataclasite (thin section KH12-21). See 
Fig. 5.1 for location. e) Dilation breccia from the structurally lower part of the hanging wall, 
with white quartz cement between grey psammitic blocks. Hammer for scale. 
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4.5.5 Brittle faults 
There are several faults in the hanging wall of the main Rendalen Fault zone. These faults are 

steep, brittle and show an extensional movement. Orientations of the fault planes are east 

dipping, comparable to the orientation of the main Rendalen Fault zone. The displacements of 

the faults vary and are up to tens of meters (Fig. 4.21). Measured faults are shown in 

stereonet, see Fig. 4.19. In some of the smaller faults it is observed chlorite in the fault plane 

and chlorite shear zones in massive quartzite layers. 

 

 

Figure 4.21. a) Original photo. View towards the NW, person for scale. b) Interpreted large 
scale brittle fault in the hanging wall of Rendalen Fault. The fault shows top-to-the-right 
extensional movement. 
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4.6 Grejsdalen Fault 
The Grejsdalen Fault is north-south directed and running across the Grejsdalen valley (Fig. 

4.22). Due to glaciers, moraines and soils, the fault is not exposed and therefore it has not 

been fully investigated. The fault is inferred from the separation and juxtaposition of the 

Krummedal sequence in the footwall block from the EBSG in the hanging wall block. The 

Grejsdalen Fault is interpreted to be a brittle normal fault and probably a splay fault of the 

FRDZ (pers. com. Arild Andresen).  

The Grejsdalen Fault is interpreted to be an extensional fault with down-to-the-east 

displacement and observations supporting this theory are: 

- Low-grade EBSG rocks in the hanging wall are in contact with high grade 

paragneisses of the Krummedal sequence in the footwall 

- Intrusions are more abundant in the footwall than in the hanging wall. 

 

 

Figure 4.22. Interpretation of Grejsdalen Fault. Photo looking north across the Grejsdalen 
valley. Height of the cliffs are approximately 1000 m. Photo from Andresen et al. (2007). 
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5. PETROLOGY 
5.1 Introduction 
Three tectonic units separated by two extensional faults are exposed in the Rendalen-

Grejsdalen transect. Petrological analysis was carried out to obtain information about the 

metamorphic history of the three tectonic units and thus the type of displacement between 

them. Thin sections were made from 22 samples, and four samples representing the three 

tectonic units (Fig. 5.1) were chosen for detailed petrological analysis: 

- KH12-05 (Grejsdalen unit) 

- KH12-09 (Djævelkløften unit) 

- KH12-31 (Djævelkløften unit) 

- KH12-11 (Rendalen unit) 

 

Figure 5.1. Map showing the three tectonic units in the study area and the locations of the 
collected samples. The four samples used in the petrological analysis are marked with a dot 
and a bold font. Coordinates of the sample locations are in Table 3.1. 
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The chapter is built up in four sections. First there will be given a description of the analytical 

methods used in the thesis. Then the petrographic description of the samples will be given. 

After that, a description of the mineral chemistry, and finally the thermobarometric 

calculations. 

5.2 Methods and analytical procedure 

5.2.1 Sample preparation 
The collected samples in the field where sawn into small rectangle blocks parallel to 

stretching lineation and perpendicular to the foliation with a diamond saw at the Department 

of Geosciences, University of Oslo. Thin sections where made out of 22 samples. 

5.2.2 Optical microscopy  
All the 22 thin sections were investigated in an optical microscope and four representative 

samples were chosen for more detailed analyses. Detailed petrography was done with these 

four samples which are described in detail in section 5.3. 

The mineral abbreviation used in this thesis are from Kretz (1983). 

5.2.3 Electron Microprobe analytical methods 
The chemical composition of the main minerals in the four collected samples was obtained 

with an Electron Microprobe (EMP) at the University of Oslo under the guidance of Muriel 

Erambert. 

The EMP method is based on determining the chemical composition of a mineral in which X-

rays are excited from a small selected area of a solid sample (thin section)  by a focused 

electron beam (Reed, 2005). 

The EMP is mainly used to obtain quantitative analysis and this is the main strength of the 

EMP. It can also be used to obtain qualitative analysis of the elements in a mineral (Reed, 

2005). The qualitative analysis is more uncertain, but is a method for determine a mineral 

faster.  
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Analysis done with the EMP:  

- quantitative analysis of the main minerals 

- zonation analysis of garnet and other minerals 

- analysis of inclusions 

- element mapping of garnet 

The EMP is equipped with five crystal spectrometers and was calibrated with natural and 

synthetic standards. Accelerating voltage used was 15 kV during the regular point analysis of 

a mineral. The EMP was operated with a beam current of 15 nA and a focused spot-size of 5 - 

10 μm when analyzing plagioclase and 12 μm when analyzing garnet. 

5.2.4 Geothermobarometry with THERMOCALC 
Geothermobarometry is the calculation of metamorphic pressures and temperatures of 

equilibration and involves using the temperature and pressure dependence of the equilibrium 

constant as the basic standard (Spear, 1993). Geothermobarometry can be separated into two 

common components, geothermometry which is the estimation of the temperature when the 

metamorphic rock was formed and geobarometry which is the estimation of the pressure 

(Winter, 2010). The value of the equilibrium constant is measured for a sample by 

determining the compositions of minerals coexisting using the electron microprobe instrument 

(Spear, 1993). 

The THERMOCALC software is a tool for calculating geothermobarometry. The basic 

principles are explained in (Powell and Holland, 1994; Powell and Holland, 2008). It is 

accepting mineral composition data as input and calculates equilibrium curves based on a 

consistent set of calibrations and activity-composition mineral solution models (Winter, 

2010). 

THERMOCALC can be used to perform different operations: 1) Pseudosections, which are 

phase diagrams for a specific rock composition (you only need the whole rock XRF 

composition of your sample, not the mineral analyses), and 2) Average PT, which combines 

various equilibrium reactions (similar to normal thermobarometry), where you need the 

analyses of your peak minerals. The later one is what is used in this thesis. 

Pseudosections is a type of phase diagram showing reaction for specific rock composition and 

stability fields of particular mineral assemblage (Winter, 2010). Conventional 

thermobarometry uses only the equilibrium thermodynamics of balanced reactions between 
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endmembers of minerals, combined with the observed composition of minerals (Powell and 

Holland, 2008). 

There are some uncertainties and several pitfalls about applying geothermobarometry. For 

example the input microprobe data can be inaccurate. However,the most important point to 

consider when dealing with thermobarometry is the correct interpretation of the 

peak/equilibrium mineral assemblage. A criterion for performing geothermobarometric 

calculations is to know which minerals in the thin section were stable together under peak 

metamorphic conditions.  

The minerals in the independence set of reactions gain from the averagePT calculation are 

transformed to abbreviations from (Kretz, 1983), except from eastonite (east), Mg-staurolite 

(mst), paragonite (pa), celadonite (cel) and ferroceladonite (fcel). 

5.3 Sample description and petrography 
In this section, the petrography of the four selected samples from the Grejsdalen unit, the 

Djævelkløften unit and the Rendalen unit is described in detail.  
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Sample KH12-05 (Grejsdalen unit) 

Appearance in the field 

Interbedded psammitic and pelitic rock from the Grejsdalen unit (Fig. 5.1). Fabric showing S1 

is folded by S2. 

Appearance in thin section (Fig.5.2) 

The rock is characterized by alteration of quartz-rich and mica-rich layers which makes up the 

S2. The quartz-rich layers range between 1,0 and 2,5 millimeters, whereas the mica-rich 

layers range between 0,5 and 1,0 millimeters. The mica-layers consist of mainly muscovite 

and biotite which are elongated. Within the quartz-layers several larger (c. 1,25 mm) S1-

biotite grains are observed, see Fig.4.8c and d. The S1-biotite has a different orientation than 

the S2-biotite. The garnets in this sample are relative small compare to the garnets in the other 

samples. They are aligned with the S2 in the mica-rich layers. 

Mineral description 

Quartz (15-20%, grain size c. 0,1-0,3 mm) Quartz occurs as small, anhedral grains and is part 

of the matrix. 

Plagioclase (15-20%, grain size c. 0,1-0,3 mm) Plagioclase occurs as small, anhedral grains 

and is part of the matrix. 

Garnet (5%, grain size c. 0,6-1,13 mm) The garnet is generally found as relative large grains 

and they have a subhedral crystal shape. They have inclusions of quartz and plagioclase. 

Biotite (20%, grain size c. 0,13-1,25 mm long) Two generations, S1-biotite and S2-biotite. 

The S1-biotites are subhedral and elongated. S2-biotites are in the quartz-rich zones and they 

have an anhedral krystall shape. They have an uneven rim and contain inclusions of quartz, 

plagioclase and zircons.  

Muscovite (40%, grain size c. 0,05-0,63 mm long) Small subhedral, elongated muscovite 

grains define the main S2 foliation. 

Chlorite (1%, grain size c. 0,25-0,5 mm) Chlorite seems to overgrow the biotite, and 

completely replacing the them in some places.  

Zircon (<1%, grain size <0,003 mm) Very small crystals of zircon are found in few of the 

biotite minerals. The haloes due to radioactivity make them visible.  
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Figure 5.2. Photomicrographs of thin section KH12-05. See Fig. 5.1 for location. a) Chlorite 
replacing biotite (cross polarized light). b) Two generation of biotite. The S1-biotite is nearly 
isoclinally folded and making up the S1. New muscovite minerals are making up the S2. The 
garnets seem to be in contact with the old biotite (plane polarized light). 



 

72 
 

Sample KH12-09 (Djævelkløften unit) 

Appearance in field 

Pelitic rock (garnet-mica gneiss) from the Djævelkløften unit (Fig. 5.1). The sample was 

collected as a loose block in the scree, but there are only Djævelkløften units around, so no 

doubt where the sample comes from. The rock is characterized with garnet minerals and mica 

foliation (SX). The garnet minerals are relative large and have a red/pink color and the SX is 

folded around the garnets.  

Appearance in thin section (Fig. 5.3) 

The rock is characterized by large garnets in a mica foliation. The garnets are full of 

inclusions. The staurolite occurs as light yellow, small grains in the SX and the kyanite occurs 

as elongated grains which are aligned with the SX. 

Mineral description 

Quartz (30%, grain size < 2,0 mm) The quartz grains are anhedral and the grain boundaries 

are irregularly. 

Plagioclase (10-20%, grain size < 3,5 mm) Shows clearly the twinning lamella. Some places 

partly altered to sericite.  

Biotite (20%, grain size < 3,0 mm) Makes up the main foliation (SX). Some places folded and 

bends around the garnet minerals. 

Muscovite (5-10%, grain size < 1,0 mm) Making up the SX with the biotite. They are also 

observed as small grains in the quartz/plagioclase matrix. 

Garnet (40%, grain size c. 1,0-4,5 mm) The garnets are large and have a subhedral crystal 

shape. They have a very irregularly grain boundary and are full of inclusions (chlorite, biotite, 

plagioclase and quartz). 

Turmaline (1%, grain size < 0,1 mm) Clustered in the mica-rich zones. The crystal shape is 

subhedral to euhedral and the color is green with a darker core in plane light.  

Staurolite (?%, grain size c. 0,25-1,5 mm). The staurolite grains are euhedral to subhedral and 

have a light yellow color in plane light. 

Kyanite (grain size c. 0,05-1,75 mm) The kyanite crystals are small to medium and are 

elongated. Show clearly two sets of cleavage perpendicular to each other. They are often 

aligned with the SX. 

Zircon (grain size < 0,1 mm) Zircon found in the biotite minerals with haloes due to 

radioactivity. 
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Figure 5.3. Photomicrographs of thin section KH12-09. See Fig. 5.1 for location. a) The SX-
biotite bending around the garne. (cross polarized light). b) Muscovite making up the SX with  
biotite (plane polarized light). 



 

74 
 

KH12-31 (Djævelkløften unit) 

Appearance in field 

Pelitic rock (garnet-mica shist) from the Djævelkløften unit (Fig 5.1). The rock is 

characterized by large garnet crystals and mica-foliation (SX). The garnet minerals are 

pink/red in color. Millimeter thick white leucosome layers are prominent in the rock and they 

have the same orientation as the foliation. Kyanite minerals are seen in this rock in the field as 

well as in the thin section. 

Appearance in thin section (Fig. 5.4) 

Biotite and muscovite makes up the SX. The white layers observed in hand sample consist of 

quartz and plagioclase. Garnets are relative large and to some extend fractured. The staurolite 

grains are light yellow and occur in the SX. They are also larger compared to the grains in 

sample KH12-09. The kyanite grains are relative long and are aligned with the SX. 

Mineral description 

Quartz (20 %, grain size < 4,5 mm long) The grain boundaries are very irregular, probably 

formed by grain boundary migration. Most of the quartz crystals are elongated with the same 

orientation as the SX,. 

Plagioclase (15 %, grain size < 6,0 mm long) Most of the plagioclase crystals are elongated 

with the same orientation as the SX. 

Biotite (20 %, grain size < 2,5 mm long). The biotite crystals are elongated and make up the 

SX. 

Muscovite (20%, grain size < 5,5 mm) The muscovite crystals are elongated and make up the 

SX together with the biotite. 

Garnet (30%, grain size c.1,0-3,0 mm) The garnets are relative big and have a subhedral 

crystal shape. They contain several inclusions of plagioclase and quartz. 

Kyanite (grain size < 2,5 mm long) The Kyanite crystals are elongated and show two sets of 

cleavage perpendicular to each other. They are aligned in the SX. 

Staurolite (grain size c.1,5 mm) The staurolites have an euhedral to subhedral crystal shape 

and seem to be broken off from larger crystals. They are light yellow in plane light and they 

contain inclusions.  

Graphite The graphite crystals are very small, only observed by using EMP. They have a 

euhedral needle crystal shape. They are found in both muscovite and biotite. 
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Figure 5.4. Photomicrographs of thin section KH12-31. See Fig. 5.1 for location. a) Biotite, 
muscovite and kyanite making up SX (plane polarized light). b) Biotite, muscovite and kyanite 
making up the SX. The quartz and plagioclase are elongated with the same orientation as the 
SX (cross polarized light). 
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KH12-11 (Rendalen unit) 

Appearance in field 

Psammitic rock (calc-silicate) from the Rendalen unit (Fig. 5.1). Garnets and “stilky” light 

minerals were observed. The “stilky” light minerals appeared to be kyanite. 

Appearance in thin section (Fig.5.5) 

The rock is characterized with a quartz-rich layer and biotite-rich layers and micas make up a 

foliation. The minerals which appeared to be kyanite in the field are actually zoisite crystals. 

Large, euhedral zoisite minerals are abundant in the quartz-rich layer. Epidote minerals occur 

as anomalous blue colored (in cross polarized light) in the biotite-rich layers and are in most 

cases clustered together. The garnets are few and not easily recognized. They occur in the 

biotite-rich layer. 

Mineral description 

Quartz (50 %, grain size <1,5 mm) Abundant through the sample. The quartz shows undulose 

extinction in cross polarizing light. The grain boundaries are very irregular, probably formed 

by grain boundary migration. 

Plagioclase (20-30 %, grain size < 2 mm) The plagioclase show twinning lamella and are 

observed in the mica-rich layers. 

Biotite (5-10%, grain size < 2,5 mm long).  In the mica-rich zone, the biotites are elongated 

and make up a foliation. Some places it is bend. The few biotites in the quartz-rich zone do 

not show a specific orientation. 

Garnet (grain size c. 0,5-0,75 mm). Very few (3) garnet minerals are found. They are relative 

small. They contain inclusions of epidote, muscovite and quartz/plagioclase. 

Zoisite (10-20%, grain size c. 0,25-2,25 mm) Euhedral crystal shape. They are abundant and 

restricted to the quartz-rich layer. They contain inclusions.  

Epidote (5%, grain size c. 0,05-0,25 mm) Anhedral crystal shape. They are clustered in the 

mica-rich layers, and not observed in the quartz layer. They have an anomalous blue color in 

polarizing light. 

Titanite The titanite crystals are very small and they are only seen by using EMP.  

Graphite The graphite crystals are very small and are only seen by using EMP. They have a 

euhedral needle crystal shape. 

Rutile (< 0,25 mm) Few rutile crystals are observed as inclusions in the biotite. 

Zircon Zircon crystals are only observed in the biotite haloes around.  
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Figure 5.5. Photomicrographs of thin section KH12-11, both taken with cross polarizing 
light. See Fig. 5.1 for location. a) The quartz-rich layer. Notice irregular the quartz-
boundaries and the euhedral crystal shape of the zoisites. b)  Notice the epidote crystals 
which have an anomalous color.  
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5.4 Mineral chemistry 
Here comes a description of the minerals analyzed with the EMP. The results are referred in 

Tables 5.5, 5.6, 5.7 and 5.8 in the end of this chapter. 

The end member compositions of all the garnet analyses from each sample are plotted in 

triplots in Fig 5.6. 

KH12-05 

Minerals analyzed in this sample are garnet (2 analyses), biotite (2 analyses), muscovite (2 

analyses) and plagioclase (2 analyses), see Table 5.5. 

The typical composition of garnet is Alm76,5-77,2 Prp8-9,7 Grs2,3 Sps9,6-12,1 and the analyses are 

relatively homogenous. 

The biotite analyses contain both Mg and Fe and have a relatively homogeneous composition 

between the end-members annite (Fe-biotite) and phlogopite (Mg-biotite) see Table 5.5. 

Several biotite minerals have been partly altered to chlorite (Fig. 5.2a). The first analysis 

(biotite 1) is taken from the S2-biotite and the second biotite analysis (biotite 2) is from a S1-

biotite. 

Two muscovite analyses are taken and they show very small variations in the Al- and K- 

content. Both analyses show that the Al has in small extent been replaced by Fe and some Ti 

and Mg. The K does not show any specific variations in the two analyses and indicating it has 

been replaced by some Na. 

The plagioclase has an end member composition of Ab84 An16. They are mostly oligoclase 

and have no specific variation in composition. 

KH12-09 

Minerals analyzed in this sample are garnet (10 analyses), biotite (6 analyses), muscovite (1 

analysis) chlorite (1 analysis) and plagioclase (1 analysis) see Table 5.6. 

Garnets in this sample are relative big and contain several large (< 0,1 mm) inclusions of 

plagioclase and biotite. The analyses of Garnet 1-6 and 10 were taken from the same garnet 

grain from rim to core. End member composition from this garnet grain is Alm77-82 Grs2-6 

Spes~3 Prp13-16. There is a small zonation in the Ca-, Mg- and Mn-content from rim to core 

see Table 5.6. The Ca- and Mg-content first increase, and then decrease against the core. The 
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Mn-content has an opposite trend. It first decrease and then increase. Garnet analyses 7, 8 and 

9 were taken from other garnet grains and end member composition is Alm76,3-81 Prp13-16 

Grs2,4-5,4 Sps2,6-3,5. 

The muscovite analysis shows some Na-, Fe-, Ti- and Mg-content see Table 5.6. This means 

there have been substitutions between the Al and the Mg, Fe and Ti, and between the K and 

the Na. 

The chlorite analysis show relative high Fe- and Mg-content see Table 5.6. This means that 

there has been substitution between Al and the Fe and Mg. 

The plagioclase has an end member composition of An15 Ab85 and the analysis is taken from 

an inclusion in garnet. 

The sample also contain staurolite (see section above), but they were not analyzed with EMP. 

KH12-31 

The minerals analyzed in this sample are garnet (5 analyses), biotite (2 analyses), muscovite 

(2 analyses), staurolite (3 analyses), plagioclase (2 analyses) and quartz (1 analysis), see Table 

5.7. 

Five analyzes are taken from one garnet crystal, from the rim to the core, and they show a 

systematic increase of Ca and Mn, and minor decrease of Fe and Mg see Table 5.7. Element 

map was made from this garnet crystal (see Fig. 5.7 and discussion below). 

The biotite analyses contain both Mg and Fe and have a relatively homogeneous composition 

between the end-members annite (Fe-biotite) and phlogopite (Mg-biotite) see Table 5.7. The 

analyses are taken from the same biotite grain (Biotite 1 from the core and Biotite 2 from the 

rim) but do not show any zonation. 

The muscovite analysis shows some Na-, Fe-, Ti- and Mg-content see Table 5.7. This means 

there have been substitutions between the Al and the Mg, Fe and Ti, and between the K and 

the Na. 

Using BSE (back scattered electrons) the Staurolite looks lighter close to the rim and get 

darker against the core. However, the point analyses show no clear zonation and the chemical 

composition of the staurolite is homogenous.  
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Plagioclase minerals are found in both matrix and as inclusions in the garnet. A matrix 

plagioclase and an inclusion plagioclase were analysed. They show some difference in 

composition with the matrix plagioclase being An19 Ab81 and the inclusion plagioclase An26 

Ab74. The inclusion plagioclase probably equilibrated before the matrix plagioclase. 

KH12-11 

The minerals analyzed in this sample are garnet (2 analyses), biotite (3 analyses), titanite (2 

analyses), plagioclase (1 analysis), zoisite (4 analyses) and epidote (5 analyses), see Table 5.8. 

Sample KH12-11 is from a calcium-rich rock. From the mineralogy described in the previous 

section, this sample must have a more Ca-rich whole rock composition than the more classical 

metapelites in KH12-09 and KH12-31.  

There were only found two relative small garnets in this sample and they have different 

composition. Both of the analyses were taken from the core and it was not possible to see if 

they were zoned or not. There are variations in the Ca-, Fe- and Mn-content, see Table 5.8. 

The end member composition in Garnet 1 is Alm49,2 Prp8,2 Grs31,7 Sps9,3 And1,5. The end 

member composition in Garnet 2 is Alm43 Prp8,7 Grs39,3 Sps7,6 And1,4 .  

The biotite analyses contain both Mg and Fe but the Fe-composition is lower and the Mg-

composition is higher compared to the biotite analyses in the other samples see Table 5.8. 

Composition between the end-members annite (Fe-biotite) and phlogopite (Mg-biotite) is 

relatively homogeneous. The analyses are taken from tree different biotite grains, Biotite 1 in 

the quartz-rich zone and Biotite 2 and 3 in the mica-rich zone. 

Four zoisite analyses are taken from this sample, but only one analysis (Zoisite 1) has the 

ideal zoisite compositions with low Fe-content see Table 5.8. Zoisite 2, 3 and 4 are also 

analyses from the grey, euhedral grains, same as the Zoisite 1, but do not have the same low 

Fe-composition. They have a composition similar to the epidote analyses where Fe replaces 

Al. Analyses 2 and 3 are from the same zoisite grain, which has a darker core and a lighter 

rim. The analyses do not show any considerable variation in composition and does not show 

any sign of zonation.  

The plagioclase has an end member composition of An28 Ab72. 

The titanite analyses show some Al-, Fe-and Cr content. This means there has been a 

substitution between Ti and the Al, Fe and Cr. 
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Figure 5.6. Triplot diagrams showing end member compositions of all the garnet analyses 
from each sample. 
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5.4.1 Element zonation in garnet 
During the EMP analysis, a systematic variation in garnet composition from rim to core was 

detected in sample KH12-31, and therefore element mapping of this garnet was done. 

Element map of the garnet was made to examine the chemical variability and zonation, and 

evaluate any diffusional resetting within different phases. An X-ray compositional map of Fe, 

Mg, Mn, Ca and Na is shown in Fig. 5.7.   

The Fe content is uniform across the garnet and does not show any zonation from rim to core 

(Fig. 5.7a). 

The Mg content shows a weak zonation with decreasing Mg from rim to core (Fig. 5.7b). 

Zonation of Mn in the garnet is the most prominent. The Mn content increase from rim to core 

The inclusions in the garnet have a dark blue color, which means the Mn content is low (Fig. 

5.7c). 

The Ca content shows a small increase from rim to core. A marked distinction is observed at 

the rim area. The rim of the garnet shows very low Ca content compared with the rest of the 

garnet. Inclusions in the garnet show a higher Ca content (Fig. 5.7d). 

The Na content in the garnet is very low, almost non-existing. The inclusions on the other 

hand have a very high Na content (Fig. 5.7e).  
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Figure 5.7.  XRC maps showing Ca, Mg, Mn, Fe and Na in garnet from the Krummedal 
sequence in the Djevelkløften unit (thin section KH12-31). Scale in the right of the pictures 
show the values. High values marked as red, low values marked as dark blue. 
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5.4.2 Geobarometry/geothermometry with AveragePT 
Mineral compositions obtained by EMP were used to derive PT-conditions for the mineral 

equilibria. For this purpose, AveragePT from Thermocalc was used. This is the first time for 

both the student and the supervisors to apply this tool, so we are not experts! Samples from 

the different units are used in Thermocalc in the hope of getting results and find P and T data 

from the formation of the rocks. It is also interesting to find the P and T from both the 

footwall block and hanging wall block of the Rendalen Fault. This could give information 

about the tectonic history of the fault. 

The following steps have been made: 1) Attempt to find minerals in equilibrium. Analyzes 

from the minerals used are taken very close to each other, so the probability for the minerals 

had been crystallized together is higher. 2) Activities of the different end-members used for 

the calculations are obtained using the software AX of Holland and Powell (1998). 3) The 

activity files were used for averagePT calculation with Thermocalc 3.33 (version 19/10/2009). 

Different mineral assemblages which are used in Thermocalc, together with the averagePT 

results are listed below in Tables 5.1 – 5.4 for each sample. A sigfit value <1.35 indicates that 

the results are consistent with the input data (see Powell and Holland (1994) for more detail). 

Reactions Thermocalc used in the calculations to find P and T for each mineral assemblages 

are listed below the tables. 

PT values including the standard deviations are plotted in PT-diagram in Fig. 5.8. 
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Table 5.1. KH12-05 The different mineral assemblages which are used in Thermocalc, and 
the averagePT results. 

  Mineral assemblage T (°C) sd P (kbars) sd cor sigfit 
KH12-05_1 Grt 1, Bt 1, Ms 1, Pl 2 687 33 6,4 1,2 0,704 0,66 
KH12-05_2 Grt 2, Bt 2, Ms 2, Pl 2 701 41 7,9 1,4 0,707 1,27 
 

KH12-05_1 

1) Grt + 2pa + 3Qtz = 3An + 2Ab + 2H2O 
2) 3east + 6Qtz = Phl + Py + 2Ms 
3) Phl + east + 6Qtz = Py + 2cel 
4) 2Ann + Ms + 6Qtz = Alm + 3fcel 
5) Ann + 3An = Grt + Alm + Ms 
6) 3east + 3fcel = 2Phl + Ann + 3Ms 

KH12-05_2 

1) Grt + 2pa + 3Qtz = 3An + 2Ab + 2H2O 
2) 3east + 6Qtz = Phl + Py + 2Ms 
3) Phl + east + 6Qtz = Py + 2cel 
4) 2Ann + Ms+6Qts =Alm +3fcel 
5) Ann + 3An = Grt + Alm + Ms 
6) Phl + 3An = Py + Grt + Ms 

 

Table 5.2. KH12-09 The different mineral assemblages which are used in Thermocalc, and 
the averagePT results. 

  Mineral assemblage T (°C) sd P (kbars) sd cor sigfit 
KH12-09_1 Grt 7, Bt 1, Ms 1, Pl 1 686 32 8,2 1,3 0,769 0,92 
KH12-09_2 Grt 7, Bt 4, Ms 1,  Pl 1 673 29 8,1 1,2 0,743 0,31 
KH12-09_3 Grt 10, Bt 6, Ms 1, Pl 1 673 29 8,3 1,2 0,744 0,3 
KH12-09_4 Grt 9, Bt 5, Ms 1, Pl 1 669 28 8,2 1,2 0,742 0,3 
 

KH12-09 (Same reactions for all mineral assemblage) 

1) Grt + 2pa + 3Qtz = 3An + 2Ab + 2H2O 
2) 3east + 6Qtz = Phl + Py + 2Ms 
3) Phl + east + 6Qtz = Py + 2cel 
4) Phl + 3An = Py + Grt + Ms 
5) Ann + 3An = Grt + Alm + Ms 
6) 3Ann + 3An + 6Qtz = Grt + 2Alm + 3fcel 

 

Note that sample KH12-09 also contains staurolite, which has not been analyzed by EMP. 

The obtained PT values are therefore probably not entirely correct, but they are within error of 

the PT values obtained for sample KH12-31. Sample KH12-31 has the same mineralogy as 

KH12-09 and comes from the same tectonic unit and where staurolite was included in the PT 

calculations. 
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Table 5.3. KH12-31 The different mineral assemblages which are used in Thermocalc, and 
the averagePT results. 

  Mineral assemblage T (°C) sd P (kbars) sd cor sigfit 
KH12-31_1 Grt 5, Bt 5, Ms 1, St 3, Pl 1 715 36 9,5 1,6 0,848 1,46 
KH12-31_2 Grt 1, Bt 2, Ms 2, St 2, Pl 1 703 30 8,8 1,4 0,852 1,25 
KH12-31_3 Grt 3, Bt 2, Ms 1, St 1, Pl 1 713 26 9,2 1,2 0,848 1,04 

 

KH12-31_1 

1) 23Grt + 6mst + 48Qtz = 8Py + 69An + 12H2O 
2) 23Grt + 6Fst + 48Qtz = 8Alm + 69An + 12H2O 
3) Grt + 2pa + 3Qtz = 3An + 2Ab + 2H2O 
4) 3east + 6Qtz = Phl + Py + 2Ms 
5) Phl + east + 6Qtz = py + 2cel 
6) 18Phl + 13Ms + 2mst = 31east + 46Qtz + 4H2O 
7) 2Ann + Ms + 6q = Alm + 3fcel 
8) 23Ann + 2fst + 62Qtz = 18Alm + 23fcel + 4H2O 

KH12-31_2 and KH12-31-3 

1) 23Grt + 6mst + 48Qtz = 8Py + 69An + 12H2O 
2) 23Grt + 6fst + 48Qtz = 8Alm + 69An + 12H2O 
3) Grt + 2pa + 3Qtz = 3An + 2Ab + 2H2O 
4) 3east + 6Qtz = Phl + Py + 2Ms 
5) 31Phl + 6mst = 24east + 23Py + 7Ms + 12H2O 
6) Phl + east + 6Qtz = Py + 2cel 
7) 2Ann + Ms + 6Qtz = Alm + 3fcel 
8) 23Ann + 2fst + 62Qtz = 18Alm + 23fcel + 4H2O 

 

Table 5.4. KH12-11 The different mineral assemblages which are used in Thermocalc, and 
the averagePT results. 

  Mineral assemblage T (°C) sd P (kbars) sd cor sigfit 
KH12-11_1 Grt 1, bt 1, Pl 1, Zo 1 646 63 12,6 2,2 0,977 0,8 
KH12-11_2 Grt 2, Bt 2, Pl 1, Zo 2 719 80 14,9 3 0,979 1,25 
KH12-11_3 Grt 2, Bt 3, Pl 1, Zo 3 726 85 14,8 3 0,97 1,31 
KH12-11_4 Grt 1, Bt 2, Pl 1, Zo 1 657 66 12,8 2,3 0,972 0,6 

 

KH12-11 (Same reactions for all mineral assemblages) 

1) 3east + Py + 2Grt + 6Qtz = 3Phl + 6An 
2) 3east + Py + 8Czo + 8Qtz = 3Phl + 16An + 4H2O 
3) 3east + 2Grt + Alm + 6Qtz = 2Phl + Ann + 6An 
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Figure 5.8. PT-diagram. Sample KH12-05 show P values from 6,4 to 7,9 kbars (including 
errors) and T from 687 to 701 °C (including errors). Sample KH12-09 show P values from 
8,1 to 8,3 kbars (including errors) and T from 669 to 686 °C (including errors). Sample 
KH12-11 show P values from 12,6 to 14,9 kbars (including errors) and T from 646 to 726 °C 
(including errors). Sample KH12-31 show P values from 8,8 to 9,5 kbars (including errors) 
and T from 703 to 715 °C (including errors). 

  

5

7

9

11

13

15

17

550 600 650 700 750 800 850

P 
(kbars) 

T (°C) 

PT-diagram 

KH12-05

KH12-09

KH12-11

KH12-31

Standard deviation

Standard deviation

Standard deviation

Standard deviation

Samples: 



 

88 
 

Table 5.5. Electron microprobe data from sample KH12-05. Chemical composition of major minerals as wt%. 

 

 
Garnet 

 
Biotite 

 
Muscovite 

 
Plagioclase 

   1 2 1 2 1 2 1 2 
Comment rim rim core rim core rim core rim 
SiO2 36,81 36,28 34,76 34,95 46,30 46,88 63,92 64,04 
Na2O 0,04 0,03 0,16 0,17 0,78 0,67 9,92 9,90 
Al2O3 20,58 20,73 17,55 17,98 35,52 34,26 22,21 22,20 
K2O 0,01 0,01 9,27 9,20 9,89 10,09 0,09 0,08 
CaO 1,16 1,17 b.d. b.d. b.d. b.d. 3,44 3,59 
FeO 33,98 34,74 22,21 22,15 1,56 1,61 0,04 0,05 
MnO 5,27 4,11 0,09 0,13 0,00 0,01 b.d. b.d. 
Cr2O3 0,02 b.d. 0,07 b.d. 0,02 0,03 0,02 b.d. 
TiO2 0,02 0,04 2,32 2,17 0,71 0,78 0,01 0,00 
MgO 1,97 2,37 7,79 7,98 0,86 1,14 0,01 b.d. 
Total 99,84 99,47 94,20 94,72 95,59 95,40 99,63 99,83 
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Table 5.6. Electron microprobe data from sample KH12-09.  Chemical composition of major minerals as wt%. 

 

 
Garnet  

         
 

1 2 3 4 5 6 7 8 9 10 
Comment zon.rim zon zon Zon zon zon.core 

 
rim rim rim 

SiO2 37,19 37,36 37,35 37,41 37,56 37,45 37,45 37,42 37,38 37,59 
Na2O b.d. 0,01 b.d. b.d. b.d. b.d. 0,01 0,00 0,04 0,02 
Al2O3 20,96 21,24 21,01 21,16 21,21 21,18 21,01 21,19 21,17 21,05 
K2O 0,01 0,01 b.d. 0,00 b.d. b.d. 0,02 0,00 0,00 0,01 
CaO 0,84 1,11 1,79 1,97 1,82 1,47 1,47 0,97 1,67 1,66 
FeO 35,87 35,26 35,05 35,25 35,00 36,00 35,30 35,93 35,54 35,26 
MnO 1,49 1,15 1,16 1,25 1,23 1,53 1,32 1,42 1,46 1,47 
Cr2O3 0,01 b.d. b.d. 0,04 b.d. b.d. 0,04 0,01 0,00 b.d. 
TiO2 b.d. b.d. 0,01 0,03 b.d. 0,03 0,01 b.d. 0,01 b.d. 
MgO 3,26 4,04 3,92 3,82 3,67 3,32 3,61 3,55 3,37 3,49 
Total 99,62 100,16 100,27 100,91 100,45 100,96 100,24 100,48 100,65 100,52 

 
Biotite 

     
Muscovite Chlorire Plagioclase 

 
 

1 2 3 4 5 6 1 1 1 
 Comment 

 
rim core core 

 
rim core 

   SiO2 36,02 35,97 36,01 35,70 35,82 35,94 46,02 23,20 65,34 
 Na2O 0,41 0,33 0,30 0,31 0,36 0,34 1,69 b.d. 10,14 
 Al2O3 18,95 18,68 18,59 18,93 18,85 18,82 36,82 21,16 22,20 
 K2O 8,05 8,63 8,61 8,60 8,60 8,56 8,54 0,01 0,05 
 CaO b.d. b.d. b.d. b.d. b.d. b.d. 0,03 0,03 3,27 
 FeO 16,36 19,94 19,75 19,60 19,76 19,81 0,96 36,41 0,28 
 MnO 0,04 0,03 0,03 0,03 0,04 0,04 0,01 0,22 0,06 
 Cr2O3 0,03 b.d. 0,06 0,01 b.d. 0,02 0,05 0,02 0,02 
 TiO2 1,62 2,29 2,16 1,96 2,19 2,33 0,73 0,05 0,01 
 MgO 12,04 9,53 9,35 9,71 9,70 9,75 0,51 6,45 b.d. 
 Total 93,52 95,32 94,84 94,81 95,22 95,57 95,35 87,52 101,37 
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Table 1.7. Electron microprobe data from sample KH12-31.  Chemical composition of major minerals as wt%. 

 
Garnet 

    
Biotite 

    1 2 3 4 5 1 2 
 Comment zon.rim. zon. zon. zon. zon.core. core rim 
 SiO2 37,03 37,09 36,91 37,03 37,31 35,34 35,69 
 Na2O 0,01 0,03 0,02 b.d. 0,02 0,28 0,20 
 Al2O3 20,93 21,00 20,98 20,77 20,71 18,55 18,58 
 K2O b.d. b.d. b.d. 0,01 0,01 8,52 8,61 
 CaO 1,34 1,85 2,03 2,72 2,92 b.d. b.d. 
 FeO 36,45 36,21 36,08 35,28 35,43 20,17 20,55 
 MnO 0,58 0,71 0,81 1,30 1,91 0,02 0,01 
 Cr2O3 0,02 0,03 0,02 0,01 0,01 0,00 0,05 
 TiO2 0,01 0,03 0,06 0,01 0,02 2,44 2,54 
 MgO 3,32 3,33 3,04 2,50 2,06 8,76 8,41 
 Total 99,68 100,27 99,93 99,57 100,40 94,05 94,62 
 

 
Muscovite 

 
Staurolite 

  
Plagioclase 

 
Quartz 

  1 2 1 2 3 1 2 1 
Comment core core rim rim core matrix core/incl. core/incl. 
SiO2 45,55 46,48 27,67 27,71 27,98 63,98 62,36 100,76 
Na2O 1,34 1,37 0,04 0,02 b.d. 9,60 8,64 0,00 
Al2O3 35,48 35,71 53,02 53,40 53,07 22,67 23,96 0,06 
K2O 9,23 9,15 b.d. 0,00 b.d. 0,11 0,15 0,01 
CaO b.d. 0,08 b.d. 0,00 0,00 4,04 5,37 0,03 
FeO 1,16 1,09 12,82 12,20 12,60 b.d. 0,39 0,20 
MnO b.d. 0,01 0,01 0,01 0,03 0,02 0,02 0,01 
Cr2O3 0,00 0,02 0,04 0,05 0,08 b.d. 0,02 b.d. 
TiO2 0,87 0,96 0,88 0,88 0,83 b.d. 0,01 0,03 
MgO 0,72 0,75 1,57 1,19 1,54 b.d. b.d. 0,01 
Total 94,29 95,62 96,04 95,47 95,70 100,36 100,92 101,08 
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Table 5.8. Electron microprobe data from sample KH12-11. Chemical composition of major minerals as wt %. 

 
Garnet 

 
Biotite 

  
Zoisite 

     1 2 1 2 3 1 2 3 4 
Comment core core core core core core core rim 

 SiO2 37,30 37,70 36,36 37,36 36,50 38,97 38,38 38,06 39,19 
Na2O 0,03 0,02 0,04 0,07 0,13 b.d. b.d. b.d. 0,01 
Al2O3 21,08 21,25 17,23 17,28 17,18 31,99 29,53 28,92 32,16 
K2O 0,02 b.d. 9,93 8,75 9,99 b.d. 0,01 0,01 b.d. 
CaO 11,61 14,34 b.d. 0,13 b.d. 25,38 24,61 24,13 24,85 
FeO 23,37 20,42 16,95 16,55 17,18 1,73 4,12 4,18 1,59 
MnO 4,10 3,37 0,25 0,39 0,32 0,06 0,11 0,14 0,03 
Cr2O3 b.d. 0,00 0,01 0,04 b.d. 0,02 0,01 0,01 0,01 
TiO2 0,08 0,04 2,14 2,63 1,94 0,04 0,28 0,23 0,07 
MgO 2,05 2,21 11,10 11,00 11,40 b.d. 0,06 0,09 0,00 
Total 99,62 99,35 94,00 94,21 94,61 98,15 97,09 95,75 97,88 

 
Epidote 

    
Plagioclase Titanite 

    1 2 3 4 5 1 1 2 
 Comment core core rim core core core 

   SiO2 38,81 39,41 39,25 39,34 38,51 60,90 29,92 30,30 
 Na2O 0,00 b.d. 0,00 b.d. 0,01 8,54 0,00 0,02 
 Al2O3 29,37 30,14 29,61 29,69 29,63 23,75 1,42 2,12 
 K2O b.d. 0,00 0,00 0,00 b.d. 0,10 0,04 0,04 
 CaO 24,72 24,56 24,26 24,34 24,07 5,85 28,63 29,01 
 FeO 4,30 4,10 4,24 4,35 4,25 0,12 0,25 0,36 
 MnO 0,11 0,12 0,12 0,12 0,12 b.d. 0,08 0,09 
 Cr2O3 0,02 0,01 b.d. b.d. 0,01 0,05 0,01 0,03 
 TiO2 0,28 0,25 0,28 0,28 0,26 b.d. 38,65 37,64 
 MgO 0,06 0,06 0,05 0,06 0,10 b.d. b.d. b.d. 
 Total 97,67 98,63 97,82 98,16 96,97 99,28 98,96 99,58 
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6. DISCUSSION 
6.1 Introduction 
In this chapter the structural and petrological observations and conclusions presented in the 

previous chapters will be discussed and placed into a regional context.  

The focus in this thesis is the Caledonian structural and tectonic history of the metamorphic 

rocks of the various tectonic units. Another important focus of the study is to 

document/interpret the kinematic history of the Rendalen Fault based on structural as well as 

P- and T- data. 

Based on these premises, the results of this thesis are presented in a wider context, and the 

regional geological evolution of the North East Greenland Caleonides is in this chapter 

discussed in a chronological order, starting with magmatic arc formation in the beginning of 

the orogeny, including migmatization of the Krummedalen rocks at an early stage, followed 

by compressional deformation which led to nappe emplacement towards west in North East 

Greenland. Finally the extensional deformation which led to the development of the Fjord 

Region Detachment Zone, and the associated segments and related structures. 

Deformation events and the related structures are presented in a tectonic sequence diagram, 

see Fig. 6.1 and an interpreted geological history is illustrated in a schematic model in Fig. 

6.2. 

6.2 Magmatic arcs 
The Caledonian orogeny along the eastern Laurentian margin started with magmatic arc 

formation in the south during the Taconian event (Mid-Late Ordovician) with the following 

closure of the Iapetus Ocean (Roberts, 2003). This event predates the final collision between 

Baltica and Laurentia which is termed the Scandian event (Mid Silurian-Early Devonian) 

(Roberts, 2003).  

Intrusives dated c. 450 Ma are found in Livepool Land, south of Andreè Land (Augland et al., 

2012) and c.450-423 Ma I-type intrusives composing of Laurentian continental crust are 

present in the Scoresby Sund area (Rehnström, 2010). These intrusives provide indications for 

a Late Ordovician to Silurian arc magmatism in the East Greenland Caledonides, potentially 

correlative with the Taconian arc formation farther south. No signs from this early magmatic 

arc formation are observed in the study area. The granites in our study area are S-type granites 
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and are not connected to arc magmatism. They are either older (ca. 1000 Ma) or younger (ca. 

429-425 Ma) (Andresen et al., 2007; Kalsbeek et al., 2000; Watt et al., 2000).    

6.3 Migmatization 
Regional occurrence 

Migmatites appears throughout the southern segment of the East Greenland Caledonides 

(Fig.1.1) and make up the Hagar Bjerg thrust sheet in the model of (Higgins et al., 2004; 

Higgins and Leslie, 2000). Like in the southern Greenland, the migmatites in the study area 

occur in the tectonically uppermost part of the thrust complex, in the Djævelkløften unit. The 

migmatite is coeval with the main deformation in this unit (Dx
D). The migmatites were 

formed by anatexis and partial melting of schist and paragneisses of the Krummedal sequence 

(Kalsbeek et al., 2000; Kalsbeek et al., 2001; Kalsbeek et al., 2008a). 

Complexities during migmatization 

It appears to be two generations of intrusives within the Djævelkløften unit in the hanging 

wall of Rendalen Fault. The first generation of intrusives is the leucosomes/dikes parallel to 

the compositional banding and the second is the sub-horizontal intrusive (Figs. 3.7d and 

4.12c). These are dated to be 429-425 Ma by Andresen et al. (2007). The first set of intrusive 

were emplaced prior to large scale, west-vergent folds and cut by the second set of intrusives. 

This means that the folded migmatites are the oldest and the sub-horizontal ones are the 

younger. On a smaller scale, the migmatites appear to be folded isoclinal and is lying nearly 

horizontal and makes up the compositional banding (Figs. 3.7a and 4.17e and f). According to 

Andresen et al. (2007) there is no significant age difference between the intrusive rocks and 

he argues for a model where the upper crustal east-west extension took place 

contemporaneously with mid-crustal east-west shortening. So there was probably not a 

significant age difference between the two intrusion generations, only c. 4 Ma. In general 

there is one big phase of migmatization, but in detail it is more complex with isoclinals 

folding and cross-cutting leucosomes.  

PT-conditions during migmatization 

PT-conditions during migmatization correspond to the average PT results from sample KH12-

09 and 31 from the Djævelkøften unit. The results are presented in Table 5.2 and 5.3 and Fig. 

5.8). The results indicate that the migmatizatian happened at pressure interval between c. 8,2 

and 9,5 kbars and temperature interval between c. 669 and 715 ˚C.  
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Timing of migmatization 

It is well accepted that the high-grade rocks in the southern segment of Greenland 

Caledonides are allochthonous (Higgins and Leslie, 2000; Hartz et al., 2001; Higgins et al., 

2004). The migmatites are not observed in Rendalen unit, located in the Niggli Spids Thrus 

Sheet in the model of (Higgins et al., 2004). Assuming that the Niggli Spids Thrust Sheet is 

not migmatized, the migmatization must have happened to the east, before the westward 

thrusting. The migmatization is older than metamorphism in Niggli Spids Thrust Sheet and 

the eclogite terrane in Liverpool Land and the other eclogites terranes which is dated to c. 400 

Ma (Gilotti and Elvevold, 2002; Augland et al., 2010; Augland et al., 2011). The 

migmatization must then have happened before the Caledonian thrusting. 

6.4 Thrusting 
The Caledonian orogeny is the result of the collision between Baltica and Laurentia which 

resulted in extensive thrusting in both eastward (over Scandinavia) and westward (over 

Greenland and North America) directions. In North East Greenland, thrusting over the 

foreland is seen in several foreland windows and a minimum displacements along the basal 

thrust are estimated to be about 200-400 km (Fig. 1.1) (Higgins et al., 2004). A displacement 

along the postulated Hagar Bjerg thrust is not well known since it is overprinted by younger 

extensional deformation in many areas. 

In the study area, no direct evidence for west-ward thrusting was observed. The postulated 

Hagar Bjerg Thrust Sheet should run at the base of the Djævlekløften unit, but evidence of 

this has not been observed in the study area (see the discussion about the Rendalen fault 

below). However, west-vergent folds in the Djevelkløften unit and the east-dipping foliation 

in EBSG could be related to the west-ward thrusting. 

The basal thrusting in the southern segment of the orogen is not well known, however 

Dallmeyer et al. (1994) dated thrusting in the central segment to c. 399 Ma by determining 

Ar40/Ar39 mineral ages from basement gneisses and cover sequences. 

Depending on the interpretation of metamorphism in the Niggli Spids Thrust Sheet, the 

migmatization of the Hagar Bjerg Thrust Sheet must have taken place further east of its 

present position, and some thrusting must have taken place before the final emplacement. The 

magmatism, metamorphism and Caledonian deformation of rocks in the Rendalen-Grejsdalen 

transect therefore took place further east of their present position. This is assumed from 
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(Higgins et al., 2004; Higgins and Leslie, 2000) who suggested a displacement of the thrust 

sheet up to 400 km from the eastern margin of the Målbjerge window to the foreland.  

6.5 Folding in the Eleonore Bay Supergroup 
(Higgins et al., 2004) proposed that the Franz Joseph Allochthon was transported as a 

relatively passive upper part of the thrust sheet and that the deformation pattern was formed 

during the transport. However, the east-vergent folding and the related S1
G-cleavage observed 

in the Grejsdalen unit in the study area do not fit with a deformation pattern associated with 

west-ward transport. They are in most cases folded and overprinted by east-dipping S2
G-

foliation (Fig. 4.10) which indicates an age difference between the two deformational events. 

The S2
G-foliation in contrast could be the result of west-ward thrusting. Therefore, the F1

G 

and S1
G structures are interpreted as being older than the west-ward thrusting, and that the 

folds have been passively transported on top of the thrust sheets. 

The east-vergent folding is typical for the Scandinavian Caledonian structures due to the 

thrusting in an east-ward direction. The EBSG might therefore origin from an area where east-

vergent folding was first prominent. 

6.6 Correlation of deformation phases between the different 
units of the study area 
East-vergen folds are observed in both the Grejsdalen (F1

G) and Djævelkløften units. The 

folds in Djævelkløften were not investigated in detail and little data are obtained from these 

structures. It is therefore difficult to say if the D1
G in Grejsdalen and the east-vergent folding 

in Djævelkløften are from the same event.  

Large-scale west-vergent folds are most prominent in the Djævelkløften unit, but the S2
G-

cleavages and fold axes measurements indicate that there has been D2
D-compressional 

deformation in the Grejsdalen unit as well. The fold axes measurements related to the west-

vergent folds are almost identical in Grejsdalen and Djævelkløften unit and their trends are 

oriented NW-SE (Figs. 4.6 and 4.14). This can be an indication of the D2
G and DX+1

D are 

from the same D2-event (Fig. 6.1), but were formed at different crustal depth. 

Fold axes in the Rendalen unit are also similar to fold axes measurements in the Grejsdalen 

and Djævelkløften units (see Fig. 4.16c). It is also possible that the folding in the Rendalen 

unit also can be related to the same D2-event like in the other units (Fig. 6.1). 



 

96 
 

 

Figur 6.1. Tectonic sequence diagram for the Rendalen-Grejsdalen transect. Deformation 
events and related fabrics/structures observed in the different units are correlated with each 
other. The grey bar indicate that the intrusive and partial melting in the Djævelkløften unit 
lasted longer compare to the other units. 

 

6.7 Extensional Faults 
Fjord Region Detachment Zone 

The Fjord Region Detachment Zone (FRDZ) consists of several large fault zones cutting the 

southern segment in tectonic units (Fig. 1.1) (Hartz and Andresen, 1995; Andresen and Hartz, 

1998). FRDZ in Andreè Land splays into two fault zones, the Rendalen and Grejsdalen faults 

respectively (Fig. 1.1). The Rendalen Fault is interpreted to be the main strand of the FRDZ. 

This is because it is only in the Rendalen Fault zone it is observed mylonites and ductile shear 

zones. This also indicates that it has been a large vertical displacement along the fault.  

Rendalen Fault 

One of the main objectives of this study has been to determine the kinematic history of the 

Rendalen Fault. Two different views of this fault have been presented in previous chapter 

(2.6.3). Is it a thrust, later reactivated as an extensional fault, such as argued by Higgins et al. 

(2004)? Or is it an extensional fault bringing the upper part of the Krummedal sequence in 

contact with the lower part of the sequence such as argued by Andresen et al. (2007)? To test 

these two alternative models, structural observations were carried out across the fault together 

with a petrological study of the rocks in the hanging wall and footwall. If the model proposed 



 

97 
 

by (Higgins et al., 2004) is correct, it would be expected to find top-to-the-W shear sense 

indicators (compressional) superimposed by top-to-the-E shear sense indicators (extensional). 

Furthermore, one should also expect to find higher grade rocks in the hanging wall and lower 

grade rocks in the footwall of the Rendalen Fault.  

Structural field observations 

The structural investigations across the low-angle fault only show top-to the-NE (extensional) 

movement indication (Fig. 4.18, 4.20a and b and 4.21). Stereographic projection of shear 

bands, brittle faults and lineation measurements (Fig. 4.19) shows a general NW-SE strike, as 

the Rendalen Fault. The ductile structures observed in the fault zone also show top-to-the-NE 

movement (Fig. 4.20a and b). These structures and the Rendalen Fault appear to be related to 

the same extensional event. 

Leslie and Higgins (2008) suggest both compressional and extensional movement in the 

Rendalen Fault. They claim that the top-to-the-WNW movement indicators are dominant in 

the footwall of the Rendalen Fault. Compressional movement indicators or signs of earlier 

top-to-the-NW movement are not observed during the field work.  

Leslie and Higgins (2008) also claim that the footwall lacks of granite sheets and veins, but 

we have documented few highly sheared foliation-parallel orthogneisses in the footwall of the 

Rendalen Fault (Fig. 3.8d). 

Average PT 

Calculated PT data from the foot wall (Rendalen unit) show P values of c. 12,5-15 kbars and 

T values of c. 650-700 °C (Table 5.4 (Sample KH12-11)). PT data from the Djævelkøften unit 

(hanging wall of the Rendalen Fault) show P values of c. 8-9,5 kbars and T values of c. 650-

700 °C (Tables 5.2 (sample KH12-09) and 5.3 (sample KH12-31)). P values are considerably 

higher in the footwall than in the hanging wall but the T values are very similar in both units 

(see Fig. 5.8). The pressure differences indicate that the migmatized Krummedal sequence 

was not necessarily developed at a structurally deeper level than the non-migmatized 

sequence, which has been propose by several authors (Higgins et al., 2004; Leslie and 

Higgins, 2008). Difference in melt amount and migmatite formation can be related to the 

difference in rock compositions in the different units. Psammitic rocks in the Rendalen unit 

underwent the same temperatures and higher pressures, but have not generated the same 

amounts of melting like the Djævelkløften unit. 
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One explanation could be that the rocks in Rendalen unit also melted, at deeper levels, but 

that the melt extracted upwards and disappeared. Another explanation is that the 

Djævelkløften unit did not melt because of more quartzitic composition and only got 

metamorphosed at higher pressures and not crossing the solidus.  

Mineral zonation related to prograde growth 

Zonation pattern of garnet can tell something about the metamorphic evolution of the sample. 

Element mapping of one garnet in sample KH12-31 from the Djævelkløften unit was done. 

The garnet show systematic variation in garnet composition from rim to core (Fig. 5.7). The 

Ca-content in the zoned garnet shows increase from rim to core (Grs3,8 to Grs8,3) . The rim of 

the garnet shows very low Ca-content compared with the rest of the garnet. Mn-content shows 

a significant increase from rim to core (Sps1,3 to Sps4,3). The high-Ca/Mn core and low 

Ca/Mn rim is interpreted to have grown during prograde metamorphism (Spear, 1993). Fe-

content is essentially uniform across the garnet which is similar for the almandine-content 

from rim to core (Alm79,1 to Alm81,4). Mg-content shows a bit more variation which decreases 

from rim to core. This is also seen in the pyrope-content which also decrease from rim to core 

(Prp13,4 to Prp8,2), a trend that implies prograde zoning (Elvevold and Gilotti, 2000). 

Where and when did the Rendalen Fault develope 

Where did the Rendalen Fault develop? Both ductile (mylonites and shear bands) and brittle 

(cataclasites) segments are observed in the Rendalen Fault. A reason for both of these 

occurring in the fault zone can be that the ductile structures formed at a deeper structural 

level. Gradually, when the fault was rising to a higher structural level, the fault went from the 

ductile regime and into the brittle regime in the crust. Here the brittle structures formed and 

overprinted the ductile structures. If this is the case, the fault developed over a longer period. 
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When did the Rendalen Fault develop? In the Målbjerge Window, the high grade Krummedal 

sequence is sitting on top of low grade meta-sediments (Fig. 1.1). According to Andresen et 

al. (2007) this indicates that the magma generation and emplacement of the high-grade rocks 

were formed east from its present position and prior to the emplacement of the thrust sheet. So 

the Rendalen Fault, which is a late extensional fault and separates the migmatized rocks and 

non-migmatized rocks, is interpreted to have developed after the migmatization and 

magmatism in the Djævlekløften unit (c. 429-425 Ma) (Andresen et al., 2007; Hartz et al., 

2001). Without the age dating it is impossible to know whether the Rendalen Fault is an early 

phase or late phase extensional fault. The extensional faulting probably occurred in two pulses 

at c. 425 and 390 Ma (White and Hodges, 2002). 

When did the brittle part of the faulting occur? In the hanging wall of Rendalen Fault several 

macro-scale FX+1
D-folds are observed. Also several macro-scale brittle faults are observed in 

the hanging wall, which clearly are associated with the Rendalen Fault. Several of the brittle 

faults are cutting the folds (Fig. 4.17a and b). This is an indication of the Rendalen Fault and 

the associated smaller scale faults are younger than the FX+1
D-folds. It is assumed that the 

brittle part of the faulting happened after the thrusting. 

Grejsdalen Fault 

The Grejsdalen Fault is exposed in the study area but has not been mapped in detail due to the 

cover of glaciers, moraines and soils. It is a brittle extensional fault and is interpreted to be a 

minor splay fault from the Rendalen Fault. Hartz and Andresen (1995) suggested that the late 

brittle extensional faults merge with the extensional shear zones at depth, which could also be 

the case for Grejsdalen and Rendalen Faults. If the D2-event is the same in the different units, 

the age of the Grejsdalen Fault could be relatively similar in age to the Rendalen Fault and 

being the youngest structures in the study area. 
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Figur 6.2.Schematic model showing the geolocical history in the southern East Greenland 
Caledonides in three stages a) In the first stage Baltica is being subducted under Laurentia 
and formation of arc magmatism and I-type granites. The Krummedal sequence is partially 
melted and S-type granites and migmatization occurs. The thrust zone is also developed in 
this stage. b) The second stage is the thrusting stage and development of the ductile FRDZ. c) 
In the third stage, the FRDZ goes into the brittle regime and development of brittle, high 
angle splay faults from this detachment zone. 
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7. CONCLUSION 
 

During this thesis, a transect through a part of the East Greenland Caledonides was 

investigated. Three different tectonic units were identified: the Grejsdalen, Djævlekløften and 

Rendalen units, separated by the Grejsdalen and Rendalen faults, respectively. Based on 

structural fieldwork and metamorphic PT work, the following tectonic evolution is proposed 

for the study area: 

D0: Initial compaction and burial (S0, sedimentary bedding was formed). This occurred 

during the latest Mesoproterozoic for the Krummedal sequence and the 

Neoproterozoic for the Eleonor Bay Supergroup . 

D1: The first compressional phase. East-vergent folding (F1) and related west-dipping 

cleavages (S1), which occured before the thrusting. This deformation phase is mainly 

identified within the Grejsdalen unit. Where and when exactly this phase formed 

during the Caledonian orogeny is not resolved, but it must have occurred prior to basal 

west-ward thrusting. 

D2: The second compressional phase. West-vergent folds (F2), east-dipping cleavages (S2) 

and crenulation of west dipping cleavages. Within the Djævlekløften unit, partial 

melting and intrusion of granitic melts occurred prior to, coeval with and subsequent 

to D2-deformation and this phase spanned a short time span from c. 429 to 425 Ma. 

The D2- deformation is interpreted to be related to west-ward thrusting and is assumed 

to be coeval in all three units. However, no indications for thrusting along the 

Rendalen fault were observed and the exact temporal relationship to the basal thrusting 

across the Målebjerg window is not resolved. 

D3: The first extensional phase. Ductile stage of the Rendalen Fault, with top-to-the-NE 

normal faulting. The Rendalen Fault is interpreted to be the main strand of the Fjord 

Region Detachment Zone. The pressure difference is c. 3-5 kbar between the footwall 

and the hangingwall. 

D4: The second extensional phase. Brittle stage of the Rendalen and Grejsdalen fault, with 

top-to-the-NE/E normal faulting. The Grejsdalen fault is interpreted as a late splay 

fault of the Fjord Region Detachment Zone. 
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