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Introduction

The nappe pile of the Scandinavian Caledonides contains 
thrust sheets of crystalline crustal fragments and cover 
successions derived from the western margin of Baltica, or 
from microcontinents within the Iapetus Ocean or possibly 
even from continents that were exotic relative to Baltica . 
During the Caledonian Orogeny large slabs of the Baltican 
margin were detached and thrust inland towards the east 
and southeast.  The destroyed margin can be identified 
from its record of crystalline basement sheets and sedi
mentary cover successions preserved in the Caledonian  
nappes (e.g. Kumpulainen & Nystuen 1985; Siedlecka et 
al. 2004; Pease et al. 2008). One of these allochthonous 
basins, the Engerdalen Basin, is represented by the Enger
dalen Group within the Kvitvola Nappe Complex in the 
Sparagmite Region of South Norway (Nystuen 1980). The 
Kvitvola  Nappe Complex is part of the Middle Allochthon 
of the Norwegian Caledonides (Gee et al. 1985). 

The typically shallowmarine sedimentary succession in 
the Engerdalen Group was derived from a passive margin  
basin which developed during the early stage of the 
Iapetus  Ocean in the Neoproterozoic, most likely within 
the Cryogenian to early Ediacaran (Siedlecka et al. 2004). 
In the northwesternmost part of its outcrop region, in 

the RondaneHøvringenRosten area, the Kvitvola Nappe 
Complex contains sandstone formations several thousands 
of  metres thick. Here, the Rosten Formation is a several 
hundreds of metres thick conglomerate with sandstone 
intercalations, resting on a granitic augengneiss base
ment (Siedlecka et al. 1987). In this study we analyse UPb 
and LuHf zircon from this conglomerate–sandstone suc
cession in the Rosten locality near the town of Otta. The 
ages and textural relationships of the conglomerate clasts 
and the underlying basement give us an insight into the 
geo logy of the destroyed Baltican margin and its crustal 
history .

Geological setting
The Fennoscandian Shield is composed of an Archean 
core in the northeast and progressively younger Protero
zoic crustal domains towards the southwest. Summaries 
of the regional Precambrian geology are given by Gaál & 
Gorbatschev (1987), Gorbatschev & Bogdanova (1993) 
and Bogdanova et al. (2008). The study area, including 
southwest Sweden and southwest Norway, is the young
est part of the Fennoscandian Shield and has been called 
the Southwest Scandinavian Domain (SSD, Gaál & Gor
batschev 1987), Sveconorwegian Belt (Bingen et al. 2008) 
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or Sveconorwegian Orogen (e.g. Corfu & Laajoki 2008). 
The area is structurally complex, including several Pre
cambrian fault and shear zones that generally strike NS 
and subdivide the area into several structural parts. In the 
literature, the Precambrian bedrock areas bordered by 
these fault and shear zones have been called sectors, ter
ranes and blocks. 

The Scandinavian Caledonian mountain chain was formed 
due to the collision of Baltica with Laurentia at c.425 
Ma. The Scandinavian Caledonides include a number of 
thrust sheets and form a stack that has been divided into 
four major units: the Lower, Middle, Upper and Upper
most allochthons (Gee et al. 1985). For a comprehensive 
review see Roberts (2003), Gee & Sturt (1985) and Gee et 
al. (2008). The Lower Allochthon contains predominantly 
clastic successions that were deposited in various rift 
basins present in south Norway and western central Swe
den. The Middle Allochthon also includes rift basins (Val
dres Basin), but mostly comprises successions representing 
pericratonic, or passive continental margin, settings at the 
Baltican margin. Basement slices in the Lower and Mid
dle allochthons are considered to be of Baltican origin (e.g. 
Siedlecka et al. 2004; Pease et al. 2008; Lamminen et al. 
2011), whereas rocks of the Upper and Uppermost alloch
thons have Laurentian affinities (Bruton & Harper, 1988).

The studied conglomerate clasts of the Rosten Forma
tion and its basement occur within a large thrust sheet of 
basement rocks and overlying sedimentary strata in the 
lower part of the Kvitvola Nappe Complex in the northern 

district of the Gudbrandsdalen valley (Fig. 1). The large 
basement sheet, extending 60 km in the NWSE direction 
(Fig. 2), is cut in the north (Rosten area) by several minor 
thrusts that form a complicated imbricate structure. In the 
Venabu mountains north of the town of Ringebu the Eng
erdalen Group is also observed to rest with primary dep
ositional contact on the allochthonous basement sheet 
(Englund 1973; Siedlecka et al. 1987) (Fig. 2). The base
ment rocks consist of various gneisses and are referred to 
as The Høvringen Gneiss Complex and described in Lam
minen et al. (2011). 

During the Caledonian Orogeny, the Kvitvola Nappe Com
plex was thrust eastwards at least 300 kilometres (Kumpu
lainen & Nystuen 1985; Siedlecka et al. 2004). Within its 
outcrop area from the upper reaches of the Gudbrands
dalen valley in the west to southern Härjedalen in Sweden 
in the east, the nappe complex contains a series of small 
and large tectonic slices of crystalline basement rocks, 
in addition to the sedimentary strata of the Engerdalen 
Group. The basement slabs comprise granitic gneisses, 
gabbroic rocks, metaanorthosites and augengneisses 
(Strand 1951; Holmsen & Oftedahl 1956; Röshoff 1978; 
Siedlecka et al. 1987). Basement rocks from the nappe 
complex in the Østerdalen and Rendalen area yield ages of 
c.1190 and 1630 Ma, whereas the Høvringen Gneiss Com
plex at Rosten has been dated to c.1180 Ma and 1620 Ma 
(Handke et al. 1995; Lamminen et al. 2011). The basement 
rocks in the Kvitvola Nappe Complex are all considered to 
represent a western outboard terrain of the continent Bal
tica that was formed during Neoproterozoic times through 
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Figure 1. The Scandinavian Caledoni-
des. The Caledonides are subdivided into 
allochthons. The study area is marked on 
the map (see Fig. 2). The studied rocks bel-
ong to the Middle Allochthon. Map modi-
fied from an original map courtesy of B. 
Bingen.
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the breakup of the supercontinent Rodinia (e.g. Pease et 
al. 2008). Thus, these basement rocks carry information 
about crustal architecture and composition of the Baltica 
plate that may be related to the present Precambrian base
ment in the Fennoscandian Shield east and south of the 
Caledonian nappe region.  

The Engerdalen Group

The Engerdalen Group is generally dominated by fluvial  
to shallowmarine arkosic, feldspathic and quartzitic sand
stone formations with thin phyllitic and conglomerat ic 
interbeds (Nystuen 1980; Siedlecka et al. 1987). The sand
stones are generally deformed into psammites, particu
larly in thrust zones. A carbonate unit, the Hylleråsen 
Formation , has a wide extent in the lower part of the 
nappe complex and is overlain by the Koppang Forma
tion, a diamictite which is correlated with the Moelv 
Formation  glacial tillite in the Hedmark Group in the 
under lying OsenRøa Nappe Complex (Nystuen 1980; 
Bjørlykke & Nystuen 1981; Nystuen & Lamminen 2011). 
The carbonate diamictite couplet that is typical for the 
lower part of the Engerdalen Group has not been recorded 
in the HøvringenRosten area, where the basal units above 
the Høvringen Gneiss Complex are represented by the 
conglomerate  of the Rosten  Formation. 

The Rosten Formation

A brief description of the Rosten Formation was given by 
Strand (1951), and the area where it is exposed was later 
remapped by Englund (1973) and Siedlecka et al. (1987). 
The tectonostratigraphic position of the Rosten Formation 
and its basal gneisses were later erroneously moved into 
the Upper Allochthon (Sturt et al. 1995; Sturt & Ramsay 

1999). Later, UPb dating and LuHf isotopic studies (Lam
minen et al. 2011) have shown that the basement gneisses 
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Figure 2. The large basement thrust 
sheet of the Kvitvola Nappe Complex in 
the Middle Allochthon. The gneisses at 
Høvringen can be followed to the south-
east to Venabu, where the Engerdalen 
Basin succession, the Engerdalen Group, 
has a depositional contact to the base-
ment without the conglomerates that 
are present at Høvringen. Map modified 
from Siedlecka et al. (1987). Thickened 
lines are thrust faults.

Figure 3. Simplified stratigraphical column of the Engerdalen Group 
including the Rosten Formation. Not to scale.
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in the Middle Allochthon in eastern Norway are similar 
in terms of age and petrogenetic history with those that 
occur below the Rosten Formation (The Høvringen Gneiss 
Complex ), which indicates that the Rosten Formation  
belongs to the Middle Allochthon.

The Rosten Formation consists of a strongly tectonised 
matrixsupported conglomerate with scattered boulders 
of undeformed pink granite, foliated pink and grey granite 
and gneiss, deposited on a gneiss basement (Figs. 3 and 4). 
The textural properties of the clasts reveal that they were 
derived from a granitic protolith that had been deformed 
before erosion, deposition and Caledonian thrusting, and 
deformation of the Rosten Formation (cf. Strand 1951). 
The Rosten Formation is deformed to various degrees. 
At localities in close proximity to the lower contact of the 
thrust sheet south of the sampling sites, the conglomeratic 
clasts are boudined and their primary textures completely 
obliterated. 

No sedimentary structures were observed in the 
conglome rate, but the unsorted and massive nature of 

the conglomerate suggests deposition by massflows. No 
distinct  bedding was observed. Lack of welldefined 
stratifi cation can be the result of gravitational mass
flow processes and the depositional environment, or/and 
intense tectonic deformation. Our hypothesis is that the 
Rosten Form ation represents an alluvial or submarine con
glomerate formed along a fault escarpment at the western 
rifted margin  of Neoproterozoic Baltica. The large num
ber of large boulders  suggest proximity to the fault escarp
ment. 

The depositional basement for the Rosten Formation con
glomerate consists of two types of gneisses, that together 
are called the Høvringen Gneiss Complex (Handke et 
al. 1995; Sturt et al. 1997; Lamminen et al. 2011). South
west of the E6 highway the basement is a homogeneous, 
greenish and mylonitic, mediumgrained gneiss.  Frame
work minerals include microcline, muscovite, plagioclase 
and quartz. Microcline forms deformed porphyroblasts 
evenly distributed in the rock. At Høvringen and Mount 
Stor kuven, the basement is a pinkish augengneiss. In the 
map sheet Lillehammer (1:250 000) compiled by Siedlecka 
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Figure 4. Outcrop and SEM photo-
graphs from the Rosten Formation. 
Numbers in figures refer to grain 
numbers  in Appendix 2. Zircon grains 
are <200μm in size. (A-B) Massflow 
conglomerates of the Rosten Forma-
tion. Various degrees of gneissification 
and orientation of schistosity in indi-
vidual clasts indicate pre-Caledonian 
deformation. (C) Undeformed granite , 
sample JL-07-31.1, shows typical 
magmatic  oscillatory zoning and sector  
zoning in CL image. (D) Gneissic  
granite , sample JL-07-31.2, shows 
oscillatory zoning. (E-F) Sample JL-07-
31.3 has inherited cores and newly 
crystallized zircon overgrowths. Cores 
are >1600 Ma and rims c.1200 Ma.
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et al. (1987), augengneiss was also included in the Rosten 
Formation. According to our studies these gneiss litholo
gies form the basement of the conglomerate and associated 
sandstones and should be referred to the Høvringen Gneiss 
Complex. The Rosten Formation in this study refers only 
to the conglomeratic part of the succession (Figs. 3 and 4).

Analytical methods
Five conglomerate clast samples were obtained from a 
roadside location along the E6 at Rosten, close to the inter
section with the local road to Høvringen. Samples are 
mainly gneisses, except one granite that shows no signs of 
deformation. The clast samples were analysed for zircon 
UPb and LuHf isotopes. One sandstone sample was col
lected on the southern flank of mount Storkuven. It was 
analysed for zircon UPb isotopes. Sample coordinates are 
given in Table 1.

UPb and LuHf isotope compositions of zircon were ana
lysed by laserablation inductively coupled plasma source 
mass spectrometry using a Nu Plasma HR mass spec
trometer and a NewWave LUV213 laser microprobe at the 
Department of Geosciences, University of Oslo. The analyt
ical protocols described in detail by Andersen et al. (2009) 
were used for UPb geochronology of zircon, and those of 
Heinonen et al. (2010) for LuHf. Grains were imaged with 
scanning electron microscope BSE/CL detectors before 
analysis. Uranium–Pb ages and LuHf isotope ratios were 
determined separately from adjacent laser spots within the 
same zircon grain. Standards used for UPb calibration and 
accuracy assesment by standardasunknown are presented 
in Appendix 1. The analytical precision during the LuHf 
analysis was monitored by analysing zircon standards Mud 
Tank (Black & Gulson, 1978; Woodhead & Hergt 2005) and 
Temora2 (Black et al. 2004). Our longterm precision is ±2 
epsilon units. Isoplot software was used for UPb age calcu
lations and diagrams (Ludwig 2003).

Results
Scanning electron microscope imaging revealed mainly 
typical magmatic oscillatory zoning in zircon (Fig. 4). 
Some CLbright overgrowths were found but they were too 
thin to be dated. Figures 4ef show two examples where 
CLdark cores and oscillatory overgrowths were analysed. 
UPb results for clasts are shown in Appendix 2 and for the 
sandstone sample in Appendix 3. LuHf data are shown in 
Appendix 4. Figures 56 show concordia diagrams of the 
clast samples. Concordia diagram and probability density 
plot of the sandstone sample are shown in Fig. 7.

U-Pb

Most of the analyses show good concordance in the UPb 
system. Some grains show Pbloss and some grains have 
common Pb. No common Pb corrections were made to 
raw data. The grains having common Pb are highly discor
dant and are not included in age calculations. Concordia 
ages (Ludwig, 1998) are calculated from < 2% discordant 
analyses.

All clast samples have similar  concordia ages, interpreted 
as the crystallization ages of the protoliths. The ages range 
from 1180 to 1222 Ma. Samples JL0731.3 and JL0731.6 
show some inheritance at c.1650 Ma. The sandstone sam
ple (JL088) (Fig. 7) shows a major age peak at c.1185 Ma 
and a smaller peak at c.1645 Ma. The youngest grains are 
Sveconorwegian, c.960 Ma.

Lu-Hf

The LuHf results are evaluated on an age vs. εHf plot (Fig. 
8). The εHf  values in Fig. 8 show a rather narrow composi
tional range for the samples, sample JL0731.1 being more 
juvenile than the others. Hafnium isotopes overlap com
pletely with the Høvringen Gneiss Complex  (Lamminen 
et al. 2011).

Table 1. Summary of analysed samples

Sample Name Locality UTM coordinates 
(WGS 84, zone 32V)

Concordia 
age (Ma)

Notes

Conglomerate clasts

JL0731.1 granite E6 at road section to Høvringen 522033 6860580 1180 ± 11 non deformed

JL0731.2 granitic gneiss E6 at road section to Høvringen 522033 6860580 1193 ± 7

JL0731.3 granitic gneiss E6 at road section to Høvringen 522033 6860580 1183 ± 5

JL0731.4 granitic gneiss E6 at road section to Høvringen 522033 6860580 1222 ± 11

JL0731.6 granitic gneiss E6 at road section to Høvringen 522033 6860580 1202 ± 10

Sandstones

JL088 Arkose Storflye, north of Nordsætrin 521108 6865870 fresh plagioclase  and 
Kfeldspar
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Figure 5. Zircon U-Pb concordia 
diagrams of the clast samples .

Figure 6. Zircon U-Pb concordia diagram of sample JL-07-31.6.

Figure 7. Zircon U-Pb concordia 
diagram and probability density 
plot of the sandstone sample JL-08-
8.
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Discussion
The granite and gneiss clasts in the Rosten Formation are 
similar in age, c.1200 Ma. Two samples show inheritance at 
c.1650 Ma, which is a common age in the Western Gneiss 
Region (e.g. Tucker et al. 1990). It corresponds to the TIB3 
phase of the Transscandinavian Igneous Belt or the begin
ning of the Gothian Orogeny (Larson & Berglund 1992; 
Åhäll & Connelly 2008). The inheritance suggests that a 
Gothian protolith was reworked at 1200 Ma. The basement 
for the Rosten Formation, the Høvringen Gneiss Complex, 
has a matching Hf signature  with the clasts (Fig. 8). It is thus 
the best source candidate for the Rosten Formation.

The arkosic sandstone overlying the Rosten Formation has 
two dominating age modes at c.1185 Ma and c.1642 Ma. 
These ages correspond well with the Høvringen Gneiss 
Complex and the conglomerate clasts with their inheritance. 
The sandstone was probably sourced from the same rocks as 
the conglomerate. It is rather typical to have a strong local 
signature in synrift sediments (e.g. Lamminen & Köykkä 
2010). In the dataset of Bingen et al. (2011) a sandstone sam
ple from the Rondeslott Formation in the Kvitvola Nappe 
Complex shows surprisingly low amounts of 11851200 Ma 
zircon. This ageinterval is also a rather minor mode (or is 
absent) in all other samples of that study. Similarly, these 
ages are not that common in the study by Be’eriShlevin et al. 
(2011), who  reported a large dataset of detrital zircon UPb 
ages from the Middle Allochthon. This could be explained 
by covering up the c.1185 Ma igneous rocks, or by their rela
tively small areal extent. It also suggests that the Baltoscan
dian margin represented by the Rosten Formation was an 
active site of deposition. 

The Hf isotopic composition of the clast samples deviates 
for more positive εHf values from the Hf evolution trend for 
TIB rocks established by Andersen et al. (2009) and further 
explored by Lamminen et al. (2011) (Fig. 8), which supports 
a juvenile input. The only place where substantial magma
tism has been documented at 1200 Ma is presentday South 
Norway (Bingen et al. 2002; Andersen et al. 2007a, b; Peder
sen et al. 2009). The ages and Hf isotopes from the Rosten 
Formation are similar to those reported from the Setesdal 
valley in South Norway (Pedersen et al. 2009), whereas base
ment rocks in the VrådalKviteseid area (central Telemark) 
are of similar age, but more juvenile (Andersen et al. 2007a). 
The data presented  here indicate that similar crust to that 
developed in the southern part of South Norway about 1200 
Ma ago has occurred further to the northwest from present
day South Norway. Since most of the clasts have clear pre
Caledonian gneissic texture the question about the timing of 
the gneissforming event becomes important. No conclusive 
evidence can be presented, but one zircon analysis at c.1000 
Ma obtained from sample JL0731.6 (Fig. 5) could be a 
metamorphic age, indicating Sveconorwegian deformation.

Southern Scandinavia is characterised by Sveconorwegian 
shear zones (e.g. the Mylonite Zone). Currently they can 
not be followed northwards beyond the Caledonian nappe 
front, but they may have continued all the way to the border 
of the Baltica craton. The gneissforming event that trans
formed the granitic basement and the granitic clasts of the 
Rosten Formation into gneisses and augengneisses prob
ably occurred during the Sveconorwegian Orogeny within 
ductile shear zones.
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Figure 8. Age vs. εHf plot of clast samples analysed in this study. The Høvringen Gneiss Complex sample is from Lamminen et 
al. (2011). The clast samples from the Rosten Formation cluster close to the CHUR line, suggesting moderately juvenile com-
position. Typical TIB model ages are c.2.1 Ga (dashed line), which suggests that the clasts from the Rosten Formation either 
are not related to the same protolith as the TIB, or contain significant juvenile input. Hafnium isotopes from the Høvringen 
Gneiss Complex show complete overlapping with the clasts which indicate that the clasts are derived from the basement upon 
which the formation was deposited. The error bar in the lower left corner shows long term precision of the analytical method, 
which is ±2 epsilon units.
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Conclusions
The Rosten Formation is a conglomeratic rift margin 
deposit that developed at the outermost part of  Baltica dur
ing the initial breakup event of supercontinent Rodinia in 
the Neoproterozoic. The conglomerate formation is inter
preted as an alluvial or submarine debris flow deposit suc
ceeded by the passive margin sandstones, carbonates and 
glacial diamictites of the Engerdalen Group. The Ros
ten Formation contains c.11801220 Ma granitic gneiss 
clasts deposited on a granitic gneiss basement of the same 
age. Some clasts show c.1650 Ma inheritance, probably 
derived from Gothian rocks. A fluvial sandstone deposited 
on top of the Rosten Formation shows a restricted age pat
tern with modes at c.1185 Ma and c.1640 Ma, which sug
gests the same source for the sand as for the conglomerate 
clasts. Hf isotopes reveal the juvenile character for the clasts 
deviating from the Paleoproterozoic crustal evolution trend, 
which is typical for the Transscandinavian Igneous Belt. The 
crystalline rocks of the Baltoscandian margin, at which the 
Rosten Formation was formed, represent a c.1200 Ma mag
matic province of westernmost continent Baltica with simi
lar rocks as in the Telemark region of South Norway in the 
present Fennoscandian Shield. Crust similar to present day 
Telemark extended further to the northwest.
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