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A combination of structural mapping and isotopic age-determination studies provides the basis for a new interpretation of the 

Caledonian geology of northem Ny Friesland. The new mapping has defined the northern extension of the Atomfjella Antiform, a 

major N-trending fold that dominates the structure of the Ny Friesland Orogen of eastern Svalbard. This antiform folds a stack of 

thrust sheets, each containing a basement composed of ca. 1750 Ma old granites overlain by metasedimentary rocks. Four tectonic 

units (the Rekvika, Nordbreen, Dirksodden and Mosselhalvøya nappes) and one major unconformity have been identified. 

W -vergent thrusting, as suggested from the geometry of the thrust stack, with excision of the nappes towards the east, was 

followed by strong N-S sinistral ductile shearing and hinge-parallel extension, resulting in a well-defined foliation and a N-S 

penetrative mineral stretching-lineation and also the formation of hinge-parallel sheath folds. 
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Introduction 

Svalbard's Caledonian bedrock can be divided into at 
]east three tectonic provinces (Harland & Wright 1979; 
Harland 1985; Gee 1986), the Northwestem, Southwest
ern, and Eastern terranes. These terranes are separated 
by major N-trending high-angle faults, along which trans
current movement of as much as 1000 km has been 
suggested (Harland et al. 1974). This movement was 
invoked to explain the dissimilarities in the stratigraphies 
and tectonothermal histories existing between the differ
ent terranes (Harland & Gayer 1972; Harland 1985; 
Harland & Wright 1979). One of the terrane boundaries, 
the Billefjorden Fault Zone (Harland et al. 1974), ex
tends the length of Wijdefjorden, west of Ny Friesland 
(Fig. l); aeromagnetic data indicate that it probably 
continues far south of Svalbard (Skilbrei 1993). This 
fault separates unmetamorphosed Devonian Old Red 
Sandstone (ORS, Fig. l) from high-grade metamorphic 
rocks of western Ny Friesland, the latter composing the 
western part of Svalbard's Eastern Terrane. The pre
ORS rocks have been generally referred to as the Hecla 
Hoek succession (Table l); they have a total thickness of 
nearly 20 km in Ny Friesland (Harland et al. 1992). 

In western Ny Friesland, amphibolite-grade schists and 
gneisses, composing the lower part of the Hecla Hoek 
succession, occur in a major fold, the Atomfjella Antiform 
(Harland 1959). This antiform is ftanked to the east by 
largely unmetamorphosed Middle and Upper Hecla Hoek 
strata which occur in a complementary synform with axis 
in Hinlopenstretet. The Atomfjella Antiform extends the 
150 km length of Ny Friesland (Fig. 1), providing evi
dence of major E-W lateral shortening, contemporaneous 
with extreme axial-elongation and associated sinistral 
shear. This type of strain-partitioned deformation in Ny 
Friesland was termed transpression (Harland 1971). 

This paper presents a new tectonostratigraphical inter
pretation of northern Ny Friesland, based on recent 
mapping and isotopic age-determination studies. Palaeo
proterozoic granites, with intervening (mostly younger) 
metasediments, occur at several different structural levels 
within the Atomfjella Antiform and define a ca. 20-25 km 
wide stack of imbricate thrust sheets that are folded in this 
late Caledonian structure. 

Regional geology of western Ny Friesland 

The Hecla Hoek succession in Ny Friesland was divided 
into three major units (Table l) by Harland et al. (1966), 
from base upwards the Stubendorffbreen, Lomfjorden 
and Hinlopenstretet supergroups. The ca. Il km thick 
Lower Hecla Hoek (Stubendorffbreen Supergroup) 
metasedimentary and meta-igneous rocks were further 
subdivided into three main units, the Finnlandveggen, 
Harkerbreen, and Planetfjella groups (Table 1). It is 
mainly the units within the Harkerbreen Group that are 
the concern of this paper. 

The lowermost unit, the Finnlandveggen Group (here 
renamed the Finlandveggen Nappe) was divided by Har
land et al. (1966) into two formations, a lower assem
blage of feldspathic gneisses and amphibolites, the 
Eskolabreen Formation, and an upper metasedimentary 
succession of semipelitic schists and marbles, the Smuts
breen Formation. 

The first descriptions of the Harkerbreen Group 
stratigraphy were given by Harland & Wilson (1956) and 
Bayly (1957) and then revised by Harland (1959). The 
Harkerbreen Group (ca. 4100 m) was divided into five 
formations by Harland et al. (1966), dominated by 
feldspathic gneisses, quartzitic metasediments and am
phibolites, described in detail by Gayer & Wallis (1966) 
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Fig. l. Geology of Ny Friesland (modified from Gee et al. 1994). R - Raudfjorden Fault, BB - Breibogen-Bockfjorden Fault, BFZ - Billefjorden Fault Zone. 
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and Gayer (1969); they were thought to be largely of 
sedimentary and volcanic origin, deposited in an un
stable marine environment. The overlying unit, the 
Planetfjella Group, consists mainly of garnet-mica schists 
with marbles, subordinate quartzites and megacrystic 
feldspar gneisses (Wallis 1969). 

Feldspathic gneisses transitional to granites, up to 2 
km thick (Gayer & Wallis 1966; Harland et al. 1966; 
Gayer 1969) occur at, at least, four different structural 
levels within the Lower Hecla Hoek succession (Gee et 
al. 1994; Johansson et al. 1995). Gayer & Wallis (1966), 
Gayer (1969) and Harland et al. (1966, 1992) interpreted 
these units to be of volcanic and/or metasomatic origin, 
altered to granitic gneisses during high amphibolite
grade metamorphism. The possibility of older 'basement' 
occurring within the Stubendorftbreen Supergroup has 
been discussed by most authors, and the lowest unit 
(Eskolabreen Formation) has been regarded as a possible 
candidate (e.g. Harland et al. 1992); nevertheless, most 
previous authors have preferred the hypothesis of a 
continuous more or less undisturbed volcano-sedimen
tary sequence of probable Neoproterozoic to late Meso
proterozoic age. 

Some authors (Sokolov et al. 1968; Krasil'shchikov 
1973; Abakumov unpubl. map 1989), although adhering 
to the interpretation of a conformable and seemingly 
unbroken succession of Lower Hecla Hoek strata, fa-

Table l. Hecla Hoek stratigraphy (Harland 1992). 

Hinlopenstretet Supergroup (Upper Hecla Hoek) 

Os/obreen Group (1.2 km)
· 

Valhallfonna Fm (limestone) Llanvim 

Kirtonryggen Fm (limestone and dolomite) Canadian 

Tokommane Fm (dolomite and sandstone) Early Cambrian 

Polarisbreen Group (0.8 km) Vendian 

Drakoisen Fm (shale) Ediacara 

Wilsonbreen Fm (tillite and carbonate) Late Varanger 

Elbobreen Fm (shale, carbonate, and tillites) Early Varanger 

Lomfjorden Supergroup (Middle Hecla Hoek) 

Akademikerbreen Group (2 km) 

Backlundtoppen Fm (dolomite and shale) 

Draken Conglomerate Fm 

Svanbergfjellet Fm (limestone and dolomite) 

Grusdievbreen Fm (limes tone and dolomite) 

Veteranen Group (3.8 km) Late Riphean 

Oxfordbreen Fm (shales) 

Glasgowbreen Fm (greywacke and quartzite) 

King breen Fm ( quartzite and limestone) 

Kort breen Fm ( quartzite and limestone) 

Stubendorffbreen Supergroup (Lower Hecla Hoek) 

Planetjjel/a Group (4.7 km) 
Vildadalen Fm (semipelite, psammite, and quartzite) 

Flåen Fm (semipelite, psammite, and quartzite with acid pyroclastics) 

Harkerbreen Group (3.5-4.0 km) 

Sørbreen Fm (quartzite, amphibolite and acid 'meta-tuffs') 

Vassfaret Fm (psammite, and amphibolite, semipelite) 

Bangenhuk Fm (feldspathic gneisses, psammite, and amphibolite) 

Rittervatnet Fm (psammite, semipelite, marble, and amphibolite) 

Polhem Fm (quartzite and amphibolite) 

Finnlandveggen Group (2. 7 km) 

Smutsbreen Fm (semipelite and marble) 

Eskolabreen Fm (feldspathic gneisses, semipelite, and amphibolite) 
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voured the interpretation that the Harkerbreen and 
Finnlandveggen groups (referred to by them as the 
Atomfjella Series) were Palaeoproterozoic in age. The 
overlying Planetfjella Group (their Mossel Series, see 
Dallman & Mørk 1991) was thought to be of Meso
proterozoic age. Krasil'shchikov (1973) inferred a major 
break between the Palaeo- and Mesoproterozoic rocks. 
He considered the Atomfjella Series to be an intensely 
tectonized 'crystalline basement' of pre-Riphean age. 

The feldspathic gneisses, occurring within the Lower 
Hecla Hoek succession (Esko1abreen, Instrumentberget
Flåtan and Bangenhuken, see Fig. l), have granitic pro
toliths (Carlsson et al. 1995) that have been dated by 
both the U-Pb zircon multigrain method (Gee et al. 
1992; Johansson et al. 1995; Larionov et al. 1995) and by 
the single-zircon Pb-Pb (Kober) method (Hellman et al. 
1997) and been shown to have intrusion ages of ca. 
1730-1760 Ma. Intercalated metasedimentary units (e.g. 
the Smutsbreen and Polhem formations) contain detrital 
zircons showing a wide spectrum of ages (Pb-Pb single
zircon analyses), ranging from ca. 1100 Ma to 2700 Ma 
(Gee & Hellman 1996; Hellman et al. 1997) indicating 
Mesoproterozoic or younger (but pre-Silurian) ages for 
the sediments. On-going geochronological studies (Jo
hansson 1996, pers. comm.) of the Sørbreen Formation 
'meta-acid-tuffs' show that these acid-igneous rocks also 
contain 1750 Ma zircons. Sphene from the same unit also 
gave ca. 1750 Ma crystallization ages, but show dis
turbed lower intercepts, indicating Caledonian age (ca. 
410 Ma) recrystallization. These geochronologica1 studies 
have shown that the 'stratigraphy' is composed of older 
Palaeoproterozoic (ca. 1750 Ma) granitic gneisses over
lain by Mesoproterozoic, or possibly younger, metasedi
mentary cover of the Smutsbreen (Hellman & Gee 1996), 
Polhem (Hellman et al. 1997) and probably Sørbreen 
formations (see Table 2). Fig. 2 shows a schematic 
interpretation of the pre-Caledonian configuration of the 
nappe units. Tectonic intercalation is inferred to be 
W-vergent (see below) with a minimum disp1acement of 
the nappes estimated to ca. 80 km. 

Deformation and metamorphism of the Hecla Hoek 
rocks of Ny Friesland took p1ace under mid-crustal 
amphibolite-grade conditions (Bayly 1957; Gayer 1969; 

Manby 1990), with 40Arj39Ar isotope data (hornblende 
and muscovite) giving mid-late Silurian ages (413-425 
Ma) for uplift and coo1ing (Gee & Page 1994). 

New work in northem Ny Friesland 

Our work in the Mosselhalvøya area (Fig. 3) is based on 
previous mapping by Gayer (1969), Wallis (1969), A. M. 
Teben'kov and A. N. Sirotkin (unpubl. map 1989), and 
S. A. Abakumov (unpubl. map 1989). Gayer's work 
(1969) was concentrated to the area from Mosseldalen 
southwards to lake Femmilsjøen and the hills immedi
ately to the south. Wallis (1969) covered the area of the 
Planetfjella Group, mainly north of Mosseldalen. 
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Fig. 2. Schematic pre-Caledonian configuration of the Ny Friesland thrust sheets, indicating a minimum of 80 km E-W lateral shortening. 

Teben'kov and Abakumov provided maps of the area 
south of Verlegenhuken to the hills of northem Mossel
halvøya. The new work has changed the boundaries 
between the rock units locally; more importantly, it has 
shown that, at least, four of the contacts are major thrusts 
and one is a major unconformity (Table 2); The tectonic 
interpretation has been revised accordingly and is the 
subject of this paper. 

The structure of the Mosselhalvøya area is dominated 
by an N-trending, upright antiform (Fig. 4), inferred to be 
the northerly extension of the Atomfjella Antiform (Har
land 1959). South of Mosseldalen, fold axes and lineations 
(Figs. Sa and b) indicate that the antiform plunges ca. 13° 
southwards. A variety of E-W transverse faults displace 
the antiform, some with slickensides indicating strike-slip 
movements, others indicating normal faulting, down
throwing both to the north and south (Fig. 3). 

Gayer (1969) recognized three main phases of folding 
in the area; they have been confirmed by the new work, 
which has also demonstrated the tectonostratigraphic 
character of the succession. In northem Ny Friesland, 
early isoclinal folds (Fl) and related penetrative axial
plane paraBel foliation (Sl ,  the main fabric of the area) 
are folded by close to tight folds (F2) that are themselves 
refolded by the more open minor and intermediate folds 
related to the development of the Atomfjella Antiform 
(F3). 

The tectonic significance of these three main fold phases 
is interpreted to be related to the successive emplacement 
of the thrust sheets and the establishment of the Atom
fjella antiformal thrust stack. Initial compression (Dl) 
resulted in the development of early isoclines (Fl) and the 
general bedding-parallel schistosity. This folding may well 
have been synchronous with the development of the first 
thrust sheets. Continued compression (D2), involved fold
ing of the Sl foliation by dose to tight folds during the 
successive emplacement of the various thrust sheets. This 
E-W shortening was accompanied by extreme N-S 
axial-parallel elongation, with the formation of N-trend-

ing sheath folds (Fig. 6), extensional C/S fabrics, as well 
as asymmetric boudinage. The axial-parallel sheath folds 
are probably the result of local perturbation around rigid 
objects, such as metadolerite boudins with which they are 
often associated, during N-S layer-parallel extensional 
shearing. The sheath folds of F2 affinity refold the early 
(Sl) transposition foliation, which developed contempo
raneously with Fl isoclinal folding and thrusting. Thin
sections studies of the contacts between granitic basement 
sheets and underlying metasediments (e.g. Bangenhuken 
Complex feldspathic gneisses and the underlying Ritter
vatnet Formation metasediments) have provided evidence 
of extensive grain-size reduction and annealing. The de
formation increases in intensity towards the tectonic 
contacts with progressive mechanical and metamorphic 
breakdown of the granitic rocks to foliated and mylonitic 
gneisses. Feldspar grains decrease in size, from ca. 5 mm 
in the coarse-grained granitic gneisses to less than 0.2 mm 
in the sheared gneisses. Similarly, there is also a marked 
decrease in size of micas, from the less foliated gneissic 
granites (ca. l mm) to the highly foliated rocks (0.2-0.4 
mm) of the contact zones. The D2 deformation, with 
stacking of the thrust sheets, culminated (D3) in establish
ment of the Atomfjella Antiform (F3). 

All the fold phases have parallel N-S fold axes (Fig. 5b) 
developed during amphibolite-grade metamorphism. 
Thin-section studies have shown that only in the western 
limb of the Atomfjella Antiform is there extensive meta
morphic retrogression to low greenschist ( chlorite )-grade 
(Witt-Nilsson 1994, unpubl. MSc thesis). This retrogres
sion may be related to movements (D4) along the Bille
fjorden Fault Zone (Fig. 1). 

Most minerals have recrystallized and annealed under 
amphibolite-grade conditions, which resulted in a general 
loss of original igneous textures in the granitoids. How
ever, the preservation in low-strain zones of igneous 
features such as intrusive relationships (Fig. 7a) to adja
cent formations (e.g. Vassfaret Formation) and xenoliths 
(Fig. 7b) gives unambiguous evidence of their plutonic 
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Table 2. Tectonostratigraphy of the Lower Hecla Hoek of northem Ny 

Friesland. 

NORTHERN NY FRIESLAND 
TECTONOSTRA TIGRAPHY 

Mosselhalvøya Nappe 

Planetfjella Group metasediments 

Moau� 'lJuwt A A A A A 

Dirksodden Nappe 

Sørbreen Formation metasediments 

mylonitic granitoids (ca. 1750 Ma) 

IJirk.Jodd4n 'lJuwt A A A A A 

Nordbreen Nappe 
Vassfaret Formation metasediments 

Bangenhuken Complex with granitic gneisses (ca. 1750 Ma) 

A A A A A 

Rekvika Nappe 

Rittervatnet Formation metasediments 

Polhem Formation metasediments 

Mojor UrrconfomrJty --------
Instrumentberget!Flåtan Complex granitic gneisses (ca. 1750 Ma) 

A A A A A 

Finlandveggen Nappe 

Underlying gamet-mica schists, graphite schists, marbles and 

arnphibolites (possibly the Smutsbreen Formation) 

origin and insight into the pre-Caledonian history of the 
rocks. 

Gayer's (1969, plate l) map of the area between Mos
seldalen and lake Femmilsjøen shows the axis of the 
Atomfjella Antiform to be located within the Polhem 
Formation quartzites. Our map (Fig. 3), although show
ing many similarities to that of Gayer ( 1969, plate 1), 

differs in a few important aspects. In particular, the axis 
of the antiform is located some 3.5 km further east than 
shown on Gayer's map and is cored by a gneissic unit, 

w 
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the Instrumentberget Granitic Gneiss (Gee et al. 1994; 
Johansson et al. 1995; Hellman et al. 1997). Gayer (1969) 
correlated the Instrumentberget Granitic Gneiss with his 
'Bangenhuk Formation' feldspathic gneisses and con
cluded that its position below the Polhem and Rittervat
net formations was due to refolding of large recumbent 
folds, resulting in local inversion of the strata. Our 
mapping and geochronological studies, however, have 
shown the Instrumentberget Granitic Gneiss to be a 
separate unit, situated stratigraphically below the Pol
hem Formation quartzites (Fig. 4) and within a lower 
thrust sheet. 

The implications of the new work are that the stratig
raphy in northern Ny Friesland is not a continuous and 
unbroken volcano-sedimentary sequence, as previously 
claimed, but a tectonostratigraphic pile consisting of at 
least four thrust sheets. We have therefore changed the 
nomenclature accordingly, with introduction of new 
names for the tectonic units (the Finlandveggen, 
Rekvika, Nord breen, Dirksodden and Mosselhalvøya 
nappes) and revision of some of the old formation names 
(Table 2). The recognition of thrusts and basement-cover 
intercalation implies that the existing supergroup 
(Stubendorffbreen Supergroup) and group (Harkerbreen 
and Finnlandveggen) terminology is redundant. The rock 
units are described below, from the base upwards. 

Footwall rocks beneath the Rekvika Thrust 

On the wave-cut platform east of Rekvika (80°N), 
Teben'kov and Sirotkin (unpubl. map 1989) showed that 
a granitic gneiss (the Flåtan Granitic Gneiss of Gee et al. 
1992) occurs in a major antiform. The latter is cored by 
pelitic and graphitic schists, psammites and subordinate 
marbles and amphibolites. Based on the new mapping 
(Fig. 3), we infer that this fold is the northernmost 
extension of the Atomfjella Antiform. The metasedi
ments within the core of the antiform occur as far south 

as Mosselda1en. They were corre1ated by Teben'kov, 
Sirotkin and Abakumov (unpubl. maps 1989) with the 
Rittervatnet Formation, but may be representatives of 
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Fig. 4. Diagrammatic cross-section through the Atomfjella Antiform. Position of cross-section marked in Fig. 3. 

2 3 



NORSK GEOLOGISK TIDSSKRIFT 78 (1998) 

A N 

n = 515 

Best Pole: OS -> l 7 4 

Standard Deviation = 6.9• 
Data within zo· of best great circle: 99.7% 
Data within l o• of best circle: 85.9% 

B 

Tectonostratigraphy, Svalbard Caledonides 73 

N 

n =53 

Fisher Statistics 

Data= 53 

Mean Vector: l 3 -> l 78 

R = 0.935 

k = l 5.3 

Half Opening Angle for Cone of 

Confidence at 0.95 = 5.1• 

Fig. 5. Lower hemisphere, equal area, stereographic projections of foliations, lineations and fold axes showing the general structural trends in northern Ny Friesland. 

(a) Foliations and mineral-lineation data. The lineations (contoured best-lit) indicate a major fold plunging ca. 13° towards the south (176°), and the poles to foliations 

ca. 5o towards 174°. (b) Minor fold axes (contoured best-fit) plunge ca. 13° towards 178°. Note the consistency between the mineral lineations and the fold axes. 

the Smutsbreen Formation (Harland et al. 1992). Similar 
lithologies have been identified by us in localities imme
diately south of Mosseldalen, below the Instrument
berget Granitic Gneiss. 

Rekvika Nappe 

The type locality for the Rekvika Nappe and Thrust is 
situated on the strandflat east of Rekvika (Fig. 3). The 
Rekvika Nappe includes a basal granitic unit, the Flåtan 
Granitic Gneiss (Gee et al. 1994) and its southern coun
terpart (south of Mosseldalen), the Instrumentberget 
Granitic Gneiss (Johansson et al. 1995), here collectively 
called the Instrumentberget-Flåtan Complex, overlain 
by metasediments of the Polhem and Rittervatnet forma
tions. 

Flåtan Granitic Gneiss 

The Flåtan Granitic Gneiss is exposed below the Polhem 
Formation quartzites on Verlegenhukflya. It was first 

mentioned by Blomstrand (1864) and later mapped in 
some detail by Teben'kov and Sirotkin (unpubl. map 
1989). Its composition varies from a little deformed pink 
medium-grained granite to a well-foliated, fine-grained 
feldspar augen gneiss. The main mineral constituents are 
K-fe1dspar, albite-oligoclase, quartz and greenish-brown 
biotite; accessories include sphene, zircon, apatite, 
flourite and opaques (Gee et al. 1992). The Rekvika 
Nappe thrust contact is intensely sheared (similar to that 
of the structurally higher Nordbreen Nappe). A basal 
mylonite grades upwards into a gneissic fabric and then 
into foliated granites towards the contact with the over
lying cover sediments. Gee et al. (1992) dated the Flåtan 
Granitic Gneiss by the conventional U-Pb zircon multi
grain method to 1778 + 46/-41 Ma. 

Instrumentberget Granitic Gneiss 

The Instrumentberget Granitic Gneiss is a red, medium
to fine-grained, strongly foliated gneissic granite, consist
ing of K-feldspar, plagioclase, quartz, muscovite, biotite 
with accessory apatite, zircon and opaques (Carlsson et 
al. 1995). It has yielded an age of 1737 + 46/- 43 Ma by 
the conventional multigrain U-Pb method (Johansson et 
al. 1995). The age of the gneiss has been constrained 
further by the Pb-Pb single-zircon evaporation (Kober) 
method (Hellman et al. 1997) to 1743 ± 5 Ma. Johansson 
et al. (1995) correlated the Instrumentberget Granitic 
Gneiss with the Flåtan Granitic Gneiss on the basis of 
their similar age, composition and structural positions. 

Polhem Formation 

The Polhem Formation type area is along the coastal 
cliffs, north of Mosselbukta. The formation was de
scribed as consisting of at !east 900 m (base not seen) of 
well-foliated, feldspathic quartzites and amphibolites 

(Gayer & Wallis 1966). Our mapping and new interpreta
tion of the structures has shown that the formation is 
nearly 2 km thick. 

The Polhem Formation quartzites are concordantly 
interbanded with schistose amphibolites, which range in 
thickness from a few centimetres to about 30 m. The 
thinly banded varieties were thought to originate from 
mafic-volcanic activity during sedimentation (Gayer & 

Wallis 1966). Some of the amphibolites have a medium
grained ophitic texture and a fine-grained contact facies 
and probably originated as dolerites. This was first de
scribed by Gayer (1969), who distinguished between 
folded amphibolitic layers of mafic-volcanic origin and 
'syn-tectonic' intrusions. Gayer (1969) thought the less 
deformed meta-dolerites were late-to post-Caledonian in 
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Fig. 6. Axial-parallel sheath fold in Polhem Formation quartzites, Mosselbukta. 

These folds often result from local shear perturbation around rigid metadolerite. 

Pencil in photograph is ca. 12 cm long. 

age and Manby (1990) reported that they cut an early 
(S l )  foliation. As yet, we have found no evidence to 
support these interpretations; the hetter preserved ig
neous textures occur in zones of lower strain. A few 

metadolerites are composite, with homogeneous fine-
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grained mafic sheets occurring as sharply delimited units 
within coarser-grained rocks, suggesting dyke-in-dyke re
lationships (Fig. 8). Clear cross-cutting relationships be
tween dykes have been observed within the same unit 
further south, in both Reinsbukkdalen (Bjorklund 1995, 
pers. comm., see Fig. l )  and Sørbreen. Several of the 
larger well-preserved metabasic units have a flaser-gab
bro texture. However, none of these observations exclude 
the possibility of basic effusives within the formation. 

The Instrumentberget-Polhem Formation contact 
(Table 2) is a major unconformity. The base of the 
Polhem Formation is locally composed of conglomerate, 
referred to as the Ingstadegga Conglomerate (Fig. l ,  
Hellman et al. 1997). South of Mosseldalen, this con
glomerate is matrix-supported and was previously inter
preted (Gayer & Wallis 1966) to be a 'meta-tillite' within 
the uppermost part of the Rittervatnet Formation (see 
below). The conglomerate contains boulders of gneisses, 
granites, pegmatites and vein quartz, as well as as peb
bles of sedimentary origin, particularly quartzites; am
phibolite clasts occur locally. Granites make up about 
20% of the clasts and are of two main types, medium
grained and porphyritic. The matrix is a fine- to medium
grained, foliated semipelite. The size of the clasts ranges 
from less than a centimetre to several decimetres in 
diameter, with an average of about five centimetres. 
Locally, they are only slightly attenuated; most, however, 
have been flattened and stretched through intense non
coaxial deformation prior to the development of the 
Atomfjella Antiform. These clasts mostly have elliptical 
cross-sections, although some are angular. 

On the hills south of Verlegenhuken, å similar basal 
conglomerate overlies the Flåtan Granitic Gneiss in a 
subordinate antiform east of the Atomfjella Antiform 
(Fig. 3). This unit also contains abundant granitic and 
gneissic clasts, although generally smaller in size than 
those of the type area on Ingstadegga. The conglomerate 
is overlain by highly sheared feldspathic psammites and 
yellow quartzites containing concordant foliated amphi
bolite horizons. 

Fig. 7. (a) Porphyritic granites intruding metasedimentary units of the Bangenhuken Complex, ca. l km north of lake Femmilsjøen, opposite Brennkollen (Fig. 2). (b) 

Metasedimentary xenoliths in Bangenhuken Complex granites. Hammer ca. 55 cm long. 
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Fig. 8. Polhem Formation mafic rocks, with fine-grained meta-dolerite (ca. 20 cm 

thick) in coarse-grained concordant bodies (coast section, 500 m north of 

Polhem). 

The Polhem Formation metasediments contain ca. 20% 
oligoclase and only small amounts of K-feldspar. They 
contain a few pebbly horizons within upper parts of the 
formation. Gayer (1969) interpreted the formation to have 
accumulated fairly rapidly in a shallow marine environ
ment; however, very few clear sedimentary structures have 
been found within this unit, due to the penetrative 
deformation. 

Two granite clasts from the basal conglomerate have 
recently been dated by the Pb-Pb single-zircon method 
(Hellman et al. 1997), and gave ages of 1739 ± 2 and 
1738 ± 5 Ma. A third granitic boulder gave a minimum 
age of ca. 2040 Ma. Detrital zircons from the Polhem 
Formation quartzites in the Mosselbukta area, also dated 
by the Pb-Pb single-zircon evaporation (Kober) method 
(Hellman et al. 1997), have yielded a wide spectrum of 
ages ranging from ca. 1745 Ma to about 2700 Ma with 
three at 1860-90 Ma and one at 1970 Ma. Further south 
in Ny Friesland, zircons from the Polhem Formation 
quartzites have yielded ages as old as ca. 2710 Ma and as 
young as 1320 and 1500 Ma (Hellman et al. 1997) 
indicating that these metasediments are probably of late 
Meso- or Neoproterozoic age, but may be as young as 
early Palaeozoic. 

South of Mosseldalen valley, the Polhem Formation is 
overlain by the Rittervatnet Formation. North of this 
valley, the Planetfjella Group schists rest directly on the 
Polhem Formation quartzites. This discordant relation
ship was mentioned by Wallis (1969) and suggested by 
Gayer (1969) to be a thrust. Harland et al. (1992) 
proposed that the quartzites occurring in the Polhem 
Formation type area, on the northem side of Mosseldalen 
(cf. Gayer & Wallis 1966; Harland et al. 1966; Gayer 
1969), should be correlated with the Sørbreen Formation, 
emphasizing the similarity of these two formations. By 
correlating the Polhem Formation quartzites, north of 
Mosseldalen, with the Sørbreen Formation quartzites, 
they minimized the need for a major tectonic break 
between the Planetfjella Group rocks and the underlying 
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Harkerbreen Group. The Polhem Formation quartzites, 
south of Mosseldalen, were renamed the Mosselbukta 
Formation (Harland et al. 1992) and it was stated that 
these metasediments only occurred within the core of the 
Atomfjella Antiform; they were not to be found anywhere 
north of Mosseldalen. These interpretations find no sup
port in the new work reported here. 

Rittervatnet Formation 

The Rittervatnet Formation has been described from the 
western limb of the Atomfjella Antiform in the area south 
of Mosseldalen. Its basal contact was placed at the 
incoming of gamet-biotite schists and marbles, above the 
Polhem quartzites and it was described to consist of ca. 
350 m (o ur estimate, ca. 450-500 m) of schistose graphitic 
metapelite with intercalated calcareous and quartzitic 
horizons and schistose amphibolites (Gayer & Wallis 
1966; Gayer 1969). Locally, the quartzites are extremely 
pure, containing well over 90% quartz, but some tremolite 
and rare kyanite also occur. Calcareous horizons average 
half a metre, but can reach several metres in thickness. 
These appear as either pure marbles or, more commonly, 
calcareous semipelite and are often gradational to the 
pelites and quartzites. Calcareous horizons within the 
quartzites are locally bordered by wollastonite and other 
calc-silicates. The uppermost units of the Rittervatnet 
Formation are composed of granulose marble and pure 
light-blue quartzite, separated by schistose gamet amphi
bolites. Conglomerates, referred by Gayer & Wallis (1966) 
to the Rittervatnet Formation, occur at a lower structural 
level, where they compose the base (the Ingstadegga 
Conglomerate, Hellman et al. 1997) of the Polhem For
mation (see above). 

Nord breen Nappe 

Thrust over the Rittervatnet Formation of the Rekvika 
Nappe are granitic gneisses and metasediments of the 
Nordbreen Nappe. The Nordbreen Nappe includes for
mer members of the 'Bangenhuk Formation' as well as the 
overlying Vassfaret Formation metasediments (Gayer & 
Wallis 1966). In the area of Fig. l, the Nordbreen Nappe 
is best exposed in the cliffs along the eastem end of lake 
Femmilsjøen, in the western limb of the Atomfjella An
tiform, where it reaches a total thickness of near1y 3 km. 
In the eastem limb of the antiform, the thickness is 
approximately 200 m, and the Vassfaret Formation 
metasediments are thin or absent. The intensely foliated 
thrust contact to the underlying Rittervatnet metasedi
ments of the Rekvika Nappe is well exposed in the cliffs 
at the eastem end of lake Femmilsjøen. 

Bangenhuken Complex 

The Bangenhuken Complex is dominated by well-1in
eated, medium- to coarse-grained granitic gneisses with 
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Fig. 9. Cross-bedding (a) and conglomerates (c) in large metasedimentary lens within the Bangenhuken Complex, ca. 2 km east of lake Laksesjøen (Fig. 1). (b) 

Palingenic net-veining of contact zone between metasedimentary host rock and metadolerite, ca. l km north of lake Femmilsjøen, opposite Brennkollen (Fig. 3). 

subordinate intercalations of metasediments. The main 
rock-forming minerals in the gneisses are K-feldspar, 
oligoclase and quartz with smaller amounts of biotite, 
muscovite, horn blende, epidote and sphene. Man y of the 
gneisses can be shown to be derived from granites; some 
are migmatitic. The former, on Brennkollen, have been 
dated by the conventional zircon multigrain U-Pb 
method to 1809 + 165/- 122 Ma by Gee et al. (1992), 
and to 1759 + 19/- 14 Ma by Johansson et al. (1995). A 

cross-cutting aplite near Bangenhuken yielded an age of 
1739 + 49/- 43 Ma (Johansson et al. 1995). U-Pb dating 
of sphenes from the little deformed granites on 
Brennkollen give similar crystallization ages (1749 ± 12 
Ma), but sphenes from granitic gneisses yield lower 
intercept ages around 408 ± 9 Ma, indicating Caledo
nian-age recrystallization (Johansson et al. 1995). 

The presence of metasediments within the Hangen
huken Complex and their concordance with the dominat
ing gneisses and adjacent formations led many previous 
authors to regard the gneisses as highly metamorphosed, 
acid volcanites (Harland 1959; Harland et al. 1966; 
Gayer & Wallis 1966; Krasil'shchikov 1979); the granitic 
appearance of some units has been inferred to result 

from 'feldspathization' (Harland 1959) and 'mobiliza
tion' during Caledonian high-grade deformation (Gayer 
1969). Manby (1990) regarded the Bangenhuken Com
plex gneisses to be derived from rhyodacitic and/or rhy
olitic magmas originating in an attenuated 'within-plate' 
setting. Geochemical data on both the Instrumentberget 
and the Bangenhuken Complex granites (Carlsson et al. 
1995) have shown that they range in composition from 
granite to granodiorite, and that they are probably 'coge
netic members of a single fractionation series' (Carlsson 
et al. 1995, p. 116). 

Heterogeneous deformation has resulted in preserva
tion of lenses of isotropic granite within the otherwise 
highly deformed gneisses. Within these low-strain do
mains, igneous structures (and occasionally textures) are 
preserved (Fig. 7a and b). Gee et al. (1994), Carlsson et 
al. (1995) and Johansson et al. (1995) described intrusive 
relationships between the overlying Vassfaret metasedi
ments and the Bangenhuken Complex granites and 
aplites. However, in general, the granitic gneisses in the 
contact between the Bangenhuken Complex and the 
overlying Vassfaret Formation metasediments are finer 
and more evenly grained, showing a distinctly more 
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fo1iated fabric, especially in the first few metres of the 
contact (Gayer & Wallis 1966; Gee et al. 1994; Carlsson 
et al. 1995). This is, at 1east, partly due to extensive 
shearing, resulting in 1oca1 decoupling between the Ban
genhuken Complex granites and Vassfaret Formation 
metasediments. Further down in the 'Bangenhuk Forma
tien', contact metamorphosed metasedimentary units oc
cur, similar to those of the overlying Vassfaret 
Formation. 'Stoping' of metasediments in the granite 
was first described on Brennkollen by Gayer (1969). 
Simi1ar well-preserved and sometimes hornfelsed meta
sediments in the granites were also described by Gee et 
al. (1994) and Carlsson et al. (1995). These metasedimen
tary lenses, same of which are 300-400 m thick and up 
to severa1 kilometres in length, locally preserve good 
way-up indicators such as cross-bedding (Fig. 9a), 
graded bedding and dewatering structures, which in most 
loca1ities indicate right-way-up for the stratigraphy. The 
low-strain lenses contain abundant evidence of intrusive 
relationships; thin aplites and metadolerites truncate the 
undeformed metasediments, with host-rock-derived melts 
net-veining the contact zone (Fig. 9b). At least one of 
these large lenses has preserved good intrusive relation
ships in both the lower and upper contact with the 
surrounding granite. Thus, these lenses are interpreted to 
be the result of the Bangenhuken Complex granites 
intruding into an older basement, the Vassfaret Forma
tion psammites and semipelites, and roof pendants 
falling into the magma chamber. Thus it is clear that 
most of the metasedimentary rocks in the Bangenhuken 
Complex are part of a Palaeoproterozoic sequence that 
was intruded by these ca. 1750 Ma plutons. However, the 
possibility remains that the conglomerates (Fig. 9c) and 
cross-bedded sandstones, occurring near the base of the 
unit, may be tectonic intercalations of underlying units, 
e.g. basal units of the Polhem Formation. 

The base of the Nordbreen Nappe is aften composed 
of a layered migmatite. Various lines of evidence suggest 
that the neosome development was the result of Caledo
nian tectonothermal activity. The migmatitic schlieren 
are completely annealed and have formed high-tempera
ture mineral assemblages containing both garnet and 
diopside. Locally, F2 folds are injected by neosome veins 
paraBel to their axial planes. Extensional shear hands 
(reverse-slip crenulations, Dennis & Secor (1987)) affect
ing the F2 folds contain anatectic melts, which suggest a 
high-temperature phase during this deformation. Contin
ued N-S shearing during uplift has retrograded many of 
the migmatites, with pyroxenes being replaced by horn
blende, biotite and chlorite. There is also a general 
reduction in grain size due to recrystallization and 
neocrystallization. 

Metadolerites and metagabbros are common (Gayer 
1969) in the Bangenhuken Complex. The igneous textures 
and mineralogy are locally preserved, but in general they 
are extensively altered to amphibolite. As in the Rekvika 
Nappe, most of the metadolerites and amphibolites range 
in thickness from a few centimetres to several tens of 
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metres; however, some of the !argest reach a thickness of 
ca. 200-250 m. The large, N-S-striking, coarse-grained 
metadolerites are found throughout the Bangenhuken 
Complex, whereas another fine-grained E-W -striking set 
has been recognized within low-strain lenses, post-dating 
the former. The metadolerites are aften associated with 
light-grey porphyritic syenites. The latter are both intru
sive into and intruded by the dolerites and we conclude 
that they were closely related in time. 

WSW- to WNW-striking aplites, up to 40 cm wide, 
locally intrude the coarse-grained metadolerites. These in 
turn are found to be cross-cut by the later E-W-striking 
set of fine-grained metadolerite dykes. 

Vassfaret Formation 

The type area for the Vassfaret Formation Iies directly 
southwest of lake Femmilsjøen where it overlies the 
Bangenhuken Complex. Gayer & Wallis (1966) described 
the unit as consisting of ca. 600 m of semipelites, 
feldspar-rich gneisses, and psammites with concordant, 
foliated and schistose amphibolites. Coarse-grained 
quartzites and feldspar-rich gneisses were thought to 
have originated as arkosic sandstones. Primary structures 
are preserved locally with graded-bedding, slump-fold
ing, calcareous concretions and cross-bedding. 

As reported above, the Vassfaret Formation is locally 
intruded by the Bangenhuken Complex granites and 
these metasediments must therefore be older than ca. 
1750 Ma. No stratigraphical or structural discontinuities 
have so far been identified within the Vassfaret Fm. 

Dirksodden Nappe 

The Dirksodden Nappe, composed of the Sørbreen For
mation and basal mylonitic granitoids, is well exposed 
along the coastal cliffs of Wijdefjorden, where, in the 
western limb of the Atomfjella Antiform (Figs. l and 2), 
the foliation dips at high angles westwards. Gayer & 

Wallis (1966) and Gayer (1969) described the Sørbreen 
Formation (ca. 500 m, top not seen) to be composed of 
psammites, dominated by white flinty quartzites, with 
foliated amphibolites and very subordinate, thin inter
banded semipelites; it was described as concordantly 
overlying the Vassfaret Formation, with transitional con
tact. The Sørbreen Formation rocks are pervasively 
cleaved with development of a penetrative mylonitic 
foliation that contains a strong sinistral S/C fabric. 
Gayer & Wallis (1966) also described several distinct 
purple 'meta-acid-tuff horizons to occur at the base of 
the formation. These horizons are composed of tabular 
plagioclase and K-feldspar megacrysts, up to 10 mm in 
length, set in a matrix of fine-grained K-feldspar, quartz 
and plagioclase. 

Manby (1990) reported that the 'meta-acid-tuff hori
zons were ultramylonitic rocks with relic feldspar por
phyroclasts; he believed they were formed during early 
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movement along the Billefjorden Fault Zone.These 
feldspar megacrysts have in places well-developed asym
metric pressure shadows which also indicate sinistral 
shear. Fractured epidote, yellow (grossular) garnets and 
feldspar crystals are abundant in the most highly sheared 
zones, where the latter display book-shelf extensional 
fracturing. The fabric can be traced well into the under
lying Vassfaret Formation and is probably related to 
movement on the Billefjorden Fault Zone (Fig. 1). In the 
area north of Vassfarbukta, the mylonitic foliation has 
been folded by gentle to open folds, apparently parasitic 
to the main Atomfjella Antiform, suggesting that the 
mylonites originated during the early thrust assembly of 
the nappes (D2), prior to the late sinistral faulting. 
However, these rocks have been further mylonitized dur
ing movement along the BFZ. The protoliths of these 
mylonites is uncertain, and a volcanic origin remains a 
possibility for some. Similar rocks have been found by us 
along the entire contact zone to the Vassfaret Formation. 
In Vassfarbukta (Fig. 3), these mylonitic 'tuffs' can 
locally be seen to grade from granites to ultramylonitic 
rocks with feldspar augen. The acid-igneous origin of the 
Dirksodden Nappe mylonites is further strengthened by 
on-going U-Ph isotopic age-determination studies of zir
cons (Johansson, pers. comm. 1996) from this unit which 
indicate a protolith age of ca. 1750 Ma, similar to the 
other acid rocks of plutonic origin in Ny Friesland 
(Johansson et al. 1995). 

Mosselhalvøya Nappe 

The type area for the Mosselhalvøya Nappe is located on 
the plateau of northern Mosselhalvøya, northeast of 
Mosselbukta. This nappe unit is composed of the Planet
fjella Group rocks, described by Wallis (1969). These 
were interpreted to be metaturbidites, with subordinate 
horizons of marble and quartzite. A tectonic break be
tween the Harkerbreen Group rocks and the Planetfjella 
Group rocks was inferred by Gayer & Wallis (1966), and 
Gayer (1969) later suggested that the Planetfjella Group 
bad been thrust onto the Harkerbreen Group. 

The Planetfjella Group 

The upperinost division of the Lower Hecla Hoek, the 
Planetfjella Group of Harland et al. (1966), outcrops 
from Verlegenhuken, in northemmost Ny Friesland, 
southwards over a strike length of 150 km. The name 
originates from the Planetfjella mountains in southem 
Ny Friesland; however, the type localities for the various 
formations and members are all located on Mossel
halvøya (W allis 1969), where the gro up was estimated to 
be ca. 4750 m thick (Harland et al. 1966). Some authors 
have therefore preferred to refer to this unit as the 

NORSK GEOLOGISK TIDSSKRIFT 78 (1998) 

Mossel Group (Krasil'shchikov 1979). We have chosen 
to use Mosselhalvøya for the name of the tectonic unit 
and retain the original Planetfjella for the group. Two 
formations, Vildadalen and Flåen, defined by Wallis 
(1969) to compose the group, were both dominated by 
well-foliated semipelitic schists. A variety of megacrystic 
plagioclase-rich schists occur in the lower part of the 
Planetfjella Group which Harland et al. (1966) and Wal
lis (1969) interpreted to be of acid-volcano-clastic origin. 
Metamorphism (Wallis 1969; M. Friberg pers. comm. 
1994) was shown to range from high amphibolite-grade 
(gamet, kyanite, staurolite, sillimanite) at the contact 
with the underlying Harkerbreen Group schists and 
gneisses to a minimum of low greenschist (chlorite) grade 
in the upper contact with the Lomfjorden Supergroup. 

Ultramafites 

North of Mosseldalen, ultramafic rocks occur dose to 
the base of the Mosselhalvøya Nappe, usually situated a 
few metres below the lithological contact, within the 
underlying Polhem Formation quartzites. These units 
compose a ca. lO km long belt of boudinaged and highly 
altered lenses up to ca. 200 m thick, with a mineralogy 
mainly of tale, clinochlor, tremolite, chlorite and sericite, 
with pseudomorphed and zoned orthopyroxenes and 
olivines. These highly distinctive rocks have so far not 
been identified south of the Mosseldalen Fault; they 
suggest that the tectonic contact between the Polhem 
Formation and Planetfjella Group rocks is a major 
thrust bringing up rocks from the mantle. 

Eolussletta Shear Zone 

The Mosselhalvøya Nappe is delimited upwards and 
eastwards by the Eolussletta (or Sorgfjorden) Shear Zone 
(Manby & Lyberis 1991; Lyberis & Manby 1993). This 
fault zone, which separates the Mosselhalvøya Nappe 
from the Middle Hecla Hoek (Lomfjorden Supergroup ), 
was a1so referred to as the Veteranen Line by Harland et 
al. (1992) who considered it to be a stratigraphic transi
tion, disturbed by faulting. However, Nathorst (1910) 
described it to be a major fault and Lyberis & Manby 
(1993) have referred to a near-vertical, ductile, sinistra1 
strike-slip fault zone, ca. 3 km wide; they have suggested 
that it might be a terrane boundary. Gee et al. (1994) 
suggested that the rapid decrease in regional metamor
phic grade upwards in the Planetfjella Group was due to 
extension and inferred significant normal movement. B. 
Magnor (pers. comm. 1996) reported that the dominant 
movement direction within the fault zone is dip-slip, 
during ductile conditions, but with a component of 
strike-slip (seen in sinistrally sheared porphyroclasts) 
prior to the earliest dip-slip movement. W-verging folds 
and rotated garnets indicate W-directed compression 
during pro-grade metamorphic conditions, before the 
onset of extensional faulting. The latest movement in the 
shear zone, he reported to be brittle normal faulting. 
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Direction of thrusting 

All shear-sense indicators in the high-grade schists and 
gneisses of western Ny Friesland reveal N-S movement 
directions, parallel to the mineral lineation, as well as the 
axes of folding and refolding of the thrust sheets. The 
main rock units extend the length of Ny Friesland and, 
in general, are thicker in the western limb than in the 
eastern limb of the Atomfjella Antiform. This is particu
larly the case for the Rekvika and Nordbreen nappes in 
the area considered here. 

The major anticlines and synclines folding the Lom
fjorden and Hinlopenstretet supergroups of Nordaust
landet and eastern Ny Friesland are inclined to the west, 
with associated steep, E-dipping cleavages (Flood et al. 
1969). These folds have similar geometries to those re
lated to the Atomfjella Antiform (F3), folding the thrusts 
(02), described above, in western Ny Friesland. Large 
refolded W-vergent folds (F2) exist further south within 
the core of the antiform. It is therefore concluded that 
the Ny Friesland thrust sheets were assembled from a 
pre-Caledonian situation illustrated in Fig. 2 and that the 
thrust displacements involved a major component of 
W-directed movement. With progressive deformation, 
this gave way to northward, near orogen-parallel exten
sion that outlasted the E-W shortening during uplift. 

Summary and conclusions 

Our investigations of northern Ny Friesland have defined 
the northern extension of the Atomfjella Antiform and 
shown that this major structure folds four thrust sheets. 
These are referred to, from the base upwards, as the 
Finlandveggen, Rekvika, Nordbreen, Dirksodden and 
Mosselhalvøya nappes. The first four contain basal acid
igneous rocks of Palaeoproterozoic age (ca. 1750 Ma), 
overlain by metasediments. 

In the Rekvika Nappe, sheared plutons (lnstrument
berget-Flåtan Complex granitic gneisses) are uncon
formably overlain by quartzites of the Polhem For
mation and micaschists, marbles and quartzites of the 
Rittervatnet Formation. Locally preserved basal con
glomerates (lngstadegga Conglomerate), occurring in the 
Polhem Formation, contain clasts of granite that yield 
similar ages to those of the underlying basement. Polhem 
Formation quartzites from southern Ny Friesland have 
yielded detrital zircon populations as young as ca. 
1320 ± 7 Ma, indicating that the sedimentary cover may 
be Neoproterozoic or even Early Palaeozoic (but pre-Sil
urian) in age. Thrust over the Rittervatnet Formation are 
granitic rocks (Bangenhuken Complex) of the basal part 
of the Nordbreen Nappe. The Bangenhuken Complex 
includes metasedimentary units, most of which can be 
shown to represent a Palaeoproterozoic succession into 
which the granites were intruded. The upper part of the 

Tectonostratigraphy, Svalbard Caledonides 79 

Nordbreen Nappe is composed of metasedimentary units 
of the Vassfaret Formation, which is also part of the pre
ca. 1750 Ma basement. 

Overlying the Vassfaret Formation is a unit of quartz
ites and amphibolites (Sørbreen Formation), very similar 
to the Polhem Formation, but containing basal my
lonites derived from acid-igneous rocks. The protoliths 
were at least partly plutonic and have yielded zircon ages 
of ca. 1750 Ma. The Sørbreen Formation and basal 
mylonites compose the Dirksodden Nappe. 

In the eastern limb of the Atomfjella Antiform, the 
Nordbreen Nappe is much reduced in thickness and the 
Dirksodden Nappe has not been recognized. Emplaced 
on the Nordbreen Nappe in eastern Mosseldalen are the 
Planetfjella Gro up schists of the Mosselhalvøya Nappe. 
The basal thrust zone, north of Mosseldalen, is marked 
by a ca. l O km long belt of lenticular ultramafites. 

The Atomfjella Antiform is characterized by a con
spicuous N -S-trending ductile fabric, with axis-parallel 
extension. Early isoclinal folds and related thrusts were 
coaxially refolded by the Atomfjella Antiform during 
amphibolite-grade metamorphism. The early penetrative 
fabrics were overprinted during development of the 
Atomfjella Antiform, leaving little structural evidence, 
such as shear-sense indicators, for the direction of thrust
ing of the nappes. Microstructural work in both the little 
deformed granites and the highly strained granitic 
gneisses (basal thrust of nappes) shows that grain-size 
reduction, accompanying mylonitization, has largely 
been overprinted by later annealing of the textures. The 
thrusting is inferred to be W-vergent and restoration of 
the nappe pile in an E-W direction yields a minimum 
shortening of 80 km (Fig. 2). 

lsotope evidence for timing of deformation and meta
morphism in western Ny Friesland indicates that the 
amphibolite-grade metamorphism is Caledonian in age, 
with uplift and cooling in the Silurian at ca. 425-413 Ma 
e0Arj39Ar data on hornblende and muscovite). U-Pb 
studies of zircons from gneissic granites provide lower 
intercepts of ca. 410 Ma, as do sphenes. Tectonothermal 
activity in Ny Friesland between the intrusion of the 
Palaeoproterozoic granites and the Caledonian Ny 
Friesland Orogeny appears to be restricted to the intru
sion of mafic dykes. 
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