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6 JOHAN SANDWALL

SUMMARY

The rocks of the Jofjillet area in Visterbotten belong to the Seve-Koli Nappe Complex. The
overlying Rodingsfjallet Nappe Complex occurs on both sides of the Norway-Sweden border, a
few hundred metres north-west of the mapped area.

The succession, about 4 km thick, can be divided into at least three major nappe units
separated by important thrusts. These nappe units are named from bottom to top; the Bjorkvatt-
net Nappe, the Laxfjillet Nappe and the Storfjéllet Nappe Complex. Within the Storfjallet Nappe
Complex, which is the dominant unit, there are several minor thrusts and repetitions of the rock
sequence. A conspicuous feature — especially for the lower nappes - is their lens-like character.

Whitin these tectonic units a formal lithostratigraphy has been established consisting of
thirteen different formations. The formations are described mainly from type sections, but their
lateral continuation and possible environment of deposition are also discussed. The succession
consists dominantly of supracrustal rocks. The metasediments comprise mainly phyllites of
different composition. However, the rocks in the lowermost formation in the Storfjallet Nappe
Complex - the Metartjarnen Formation — ae higher grade and more schistose in character. A
formation with a large extension in the area is the Jofjillet Calcareous Phyllite while the
formation structurally above — the Tjéter Phyllite — is the country rock for the stratiform massive
sulphide deposits, a study of which motivated this investigation. Metavolcanic rocks are present
at five major levels. They are interpreted as lavas, tuffs and tuffites, both mafic and felsic
volcanites being present. The Seinesbacken Volcanite, of mixed mafic and felsic composition
and showing distal tuff character, occurs above the ore-bearing Tjater Phyllite. In the upper part
of the Storfjillet Nappe Complex there is a thick sequence of mafic volcanic rocks (predominantly
lavas) — the Ruffe and Brackfjallet Greenstones.

The rocks in the Jofjillet area belong mainly to the lower greenschist facies. The upper and
the lowermost parts of the Storfjallet Nappe Complex — the Skinnfilltrasket Mylonite and the
Metartjarnen Formation respectively — belong, however, to the upper greenschist facies. There
is thus an inversion of the metamorphic grade in the area. The metamorphism is of the Barrovian
type. A special investigation shows that the composition of the carbonate minerals is influenced by
the metamorphic grade.

The distinctive lithological sequence of low grade rocks is repeated in a series of thrust slices
between the higher grade rock sequences. The sulphide deposits Tjater, Storbacksdalen and
Rikarbicken are thus interpreted to occur at the same stratigraphic level but repeated at two
different tectonic levels.

In each of the tectonic units in the Jofjallet area there has been established a sequence of
deformation events, referred to as D, D2, D3 and D4. The late deformation phases (D3 and D4)
formed numerous open to gentle folds with steep axial surfaces and varying orientation of fold
axes (F3) and locally kink folds with flat-lying axial surfaces (F4). The axial surface to the late
folds is locally developed as a spaced crenulation cleavage. The large synformal structure in the
Jofjéllet area is an F3 fold with a westerly fold axis orientation. The late folds are tentatively
related to gravity-controlled disturbance in the basement due to superimposition of a denser
allochthonous cover. The early deformation phases (D] and D2) formed tight to isoclinal folds
(F1 and F2). They are reclined folds with flat-lying axial surfaces and varying fold axis
orientation. The difference between the two phases is the nature of the axial surfaces of the
folds, which in the F; folds are developed as a phyllitic cleavage and in the F7 folds as a
crenulation cleavage. The F| folds are rather uncommon, while the F7 folds are numerous in the
vicinity of shear zones related to the D7 thrusting. The main foliation, which is subparallel to
bedding (Sp), formed during the early deformation phases. Sj is developed as a phyllitic
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cleavage, while S is mainly developed as a metamorphic layering occasionally with relics of S |
(S142). Sy (and Sy ») is the main foliation over a large part of the area and is thought to be
genetically related to the thrusting during D5.

In order to investigate the relation between metamorphism and deformation, porphyroblast
growth and its relation to various foliations have been studied. As a result the formations in the
Jofjillet area have been arranged in six groups showing a similar tectonic and metamorphic
history, which is shown graphically for each group. To summarize the relationship between
metamorphism and deformation one may characterize F| as syn-metamorphic, Fp as late-
metamorphic and F3 and F4 as post-metamorphic fold phases.

The late deformation phases (mainly D3) are present in the whole sequence and are more or
less of the same age in each tectonic unit. The time relations of the early deformation phases are
more uncertain. Assuming that the thrusting was synchronous in the whole rock pile, then the
D2 structures are also simultaneous in each tectonic unit. Dp—Dy is, thus, Silurian in age.
Correlation of the earliest deformation structures (D) in each tectonic unit is not possible.
Correlation with adjacent areas implies that the earliest deformation is Silurian in age in the
Bjorkvattnet Nappe, while an Ordovician age is likely for D| in the higher grade part of the
Storfjallet Nappe Complex (Metartjarnen Formation). The age of D| in the Laxfjéllet Nappe,
lower grade part of the Storfjéllet Nappe Complex and the Skinnfalltrasket Mylonite is uncer-
tain.

A table has been compiled which correlates structural events in the lower grade Storfjallet
Nappe Complex with other areas in the Caledonides. The areas chosen include the Térna area,
the northern Jamtland-southern Visterbotten area, the Marsfjillen area and the Kvarnbergs-
vattnet area.

A tentative tectono-stratigraphic correlation of the Jofjdllet area with other areas in the
Scandinavian Caledonides is also put forward. These include the adjacent Térna area, Bjorkvatt-
net-Virisen area, Sodra Storfjillet and the more remote Trondheim—Tannforsen region. The
more important results are the following. The Bjorkvattnet Nappe in the Jofjillet area has been
correlated with two formations (Gilliks '’series’” and Viris quartzite) in the classical Koli
stratigraphy of central Visterbotten. In the Laxfjallet Nappe the gabbro-intruded Jovattnet
Calcareous Phyllite has been correlated with similar lithologies in the eastern Trondheim-Tiénn-
forsen region and the Joestrom Quartz-Keratophyre with the Ropen granite’” (Sédra Storfjillet)
and the Fundsjo Group (eastern Trondheim region). The thin Metartjirnen Formation in the
lowermost part of the Storfjillet Nappe Complex is thought to be equivalent to the thick,
relatively high grade sequence of Sédra Storfjallet (also Norra Storfjallet) and to the Gula Group
in the central Trondheim region. The Ruffe and Brackfjéllet Greenstones in the upper part of the
Storfjillet Nappe Complex are correlated with the Stgren Group in the western Trondheim
region. The rocks in the middle part of the Storfjillet Nappe Complex are broadly correlated
with the sequence situated in between the Gula and the Stgren Groups (*’pseudo-Gula’’).

These correlations have clarified the stratigraphy of the Jofjillet area and placed it in a broader
geological context. Tentative conclusions are that the Jofjillet sequence is partly inverted, is
Early Paleozoic in age and was deposited on the margins of both the Greenlandian and
Baltoscandian plates.
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1. GENERAL INTRODUCTION

1.1. OPENING REMARKS

The present paper, concerned with the stratigraphy, metamorphism and deformation of
the Jofjdllet area, is the first in a planned series of publications dealing with different
aspects of the geology in the Jofjdllet area. The second paper (in prep.) will be devoted
to the geochemistry of the different volcanic formations in an attempt to establish, in
particular, the tectonic environment in which the rocks formed. A third paper will
discuss the Zn-Pb-Cu sulphide mineral deposists in the area. The ultimate aim of the
whole investigation is to clarify the genesis of these deposits. In relation to this the first
two papers provide the necessary context in which the mineral deposits may be
studied.

1.2. LOCATION

The Jofjallet area is situated in the county of Visterbotten in northern Sweden,
between 65°44’N and 65°51°N latitude and 14°36’E and 15°07’E longitude. The area
investigated lies at the junction between four different map sheets: 24E Joesjo, 24F
Téarnaby, 25E Griasvattnet and 25F Umfors. A detailed geological map of the Jofjillet
area on the scale of 1:50 000 and covering approximately 250 km? is presented (Plate
1). Location of analyses to be discussed in following publications is indicated on the
map and in the type profiles of the various stratigraphic units (see following section).

1.3. PREVIOUS WORK

The first geological map which includes the Jofjillet area is the county map of Vister-
botten on the scale of 1:200 000 (Backlund and Quensel 1929). A description of this
map was published later by Quensel (1960). Kulling has also presented a description
and a 1:400 000 map of the Caledonian geology of Visterbotten (Kulling in Gavelin
and Kulling 1955).

Murris (1957) published a geological map on the scale of 1:75 000 over the Jofjillet
area with a description. This work concerned particularly a detailed mineralogical
description of the rocks.

Later works by Kulling including the Jofjallet area are the 1:1 000 000 map of the
pre-Quarternary rocks of Sweden (Sveriges Geologiska Undersokning 1958, described
by Kulling in Magnusson et al. 1960) and his synthesis of the Swedish Caledonides (in
Strand and Kulling 1972). In the latter work Kulling introduced the term *’Storfjall
nappe complex’’. According to Kulling, this nappe complex is situated in the north-
western part of the Visterbotten mountains lying between the typical Seve-Koli rocks
in the east and the Rodingsfjéllet nappe to the west (Fig. 1). According to the figure, a
large part of the Jofjillet area lies within the *’Storfjall nappe complex’’, but its lower
boundary was only partly established in this area.
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Fig. 1. Regional geological setting of the Jofjéllet area (modified after Zachrisson 1977).

Some of the mineral deposits in the Jofjillet area were briefly described by
Tegengren et al. (1924). Boliden AB has investigated the area and its mineral deposits
in greater detail. The results consist of unpublished geological maps, one covering the
whole area (1:100 000, by L. A. Barkey 1962) and another covering the central and
eastern parts of the area (1:20 000, by L. A. Barkey and C. A. Nilsson 1962); there
are also unpublished maps, profiles and records of drillcores from the mineral de-
posits. This Boliden AB material proved extremely useful during the mapping. A
summary of the mineral deposits was presented by Grip and Frietsch (1973). A
compilation of the Caledonian geology and mineral deposits of Visterbotten and
northern Jamtland was made by Zachrisson (1977). Haggbom (1980) has recently
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presented a synthesis of the nappe geometry in the northern part of Visterbotten. The
essential division of the *’Storfjéllet Nappe’’ into a higher grade lower unit (Krutfjellet
Nappe) and a lower grade upper unit (Jofjdllet Nappe) with a tectonic contact between
them is discussed.

1.4. TECTONIC FRAMEWORK

The Jofjillet area consists of at least three major tectonic units, separated by important
thrusts (Plate 1). These are in order from bottom to top:

Bjorkvattnet Nappe (Bjorkvattnet Unit of Stephens 1977)
Laxfjéllet Nappe (Lower Laxfjallet Unit of Stephens 1977)

Storfjallet Nappe Complex (Storfjall nappe complex of Kulling in Strand and Kulling
1972 and Upper Laxfjallet Unit of Stephens 1977).

1.4.1. BIORKVATTNET NAPPE
The Bjorkvattnet Nappe, which is little studied here, is the lowermost tectonic unit in
the Jofjallet area and comprises two formations, the Skalvattnet Volcanite and the
Vistansjo Phyllitic Quartzite, which wedge out to the west against the overlying
Laxfjallet Nappe. The metamorphic grade is mainly in the chlorite subfacies of the
greenschist facies but increases to the biotite subfacies when approaching the contact
to the Laxfjallet Nappe.

1.4.2. LAXFJALLET NAPPE AND STORFJALLET NAPPE COMPLEX
The Laxfjallet Nappe has been divided into two formations, the Jovattnet Calcareous
Phyllite and the Joestrom Quartz-Keratophyre, and the Storfjéllet Nappe Complex into
nine different formations of which the lowermost one is the Metartjarnen Formation
(Plate 1). Within the Storfjallet Nappe Complex, which is the dominant nappe unit in
the area, there are several thrusts of secondary significance.

The whole packet, including the Vistansjo Phyllitic Quartzite, the Jovattnet
Calcareous Phyllite, the Joestrom Quartz-Keratophyre, and the Metartjarnen Forma-
tion, is to a greater or lesser extent strongly deformed aud is in part mylonitic.
Furthermore, the Laxfjillet Nappe is extremely attenuated in the Jofjéllet area. It is,
therefore, quite difficult to assess the relative degree of deformation along the contacts
of the Joestrom Quartz-Keratophyre. This is of particular significance when trying to
establish the nature of the lower contact of this formation.

Although it is difficult to ascertain real cutting out relationship in a sequence so
deformed and attenuated like the one under consideration, it seems that both the
Joestrom Quartz-Keratophyre and the Jovattnet Calcareous Phyllite are locally cut out
discordantly at the contact to the Metartjarnen Formation. The base of the Storfjéllet
Nappe Complex has, therefore, been placed at the base of the Metartjarnen Formation.
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The Vistansjo Phyllitic Quartzite seems to wedge out against the overlying Jovattnet
Calcareous Phyllite. The contact is phyllonitic and is often marked by attenuated
isoclinal folds. The Laxfjallet Nappe, therefore, comprises the rocks in between the
Storfjéllet Nappe Complex and the base of the Jovattnet Calcareous Phyllite.

Within this part of the Caledonides the Laxfjéllet Nappe and the Storfjallet Nappe
Complex exhibit extreme lens-like geometries (Haggbom 1980). In the Jofjillet area,
the Laxfjallet Nappe is 10-100 m thick, while over the Formliden Antiform (Stephens
1977) to the east around Tédrnaby the same unit is about 1 000 m thick. The Laxfjallet
Nappe is mainly within the biotite subfacies of the greenschist facies. The Storfjallet
Nappe Complex consists of an upper greenschist facies (garnet grade) phyllonitic
schist sequence at the base, only about 200 m thick in the southern part (Metartjarnen
Formation), overlain abruptly by about 3 000 m of lower greenschist facies phyllites
and metavolcanites (in the upper part biotite and garnet grade rocks are also present).
The boundary between these two units in the Storfjillet Nappe Complex, may repres-
ent an early tectonic break ( see also Haggbom 1980). However, the problems
associated with this boundary are well illustrated by the varying opinions expressed by
Aleva (1950) and Mulder (1951) from areas to the north of Jofjillet and the discussion
by Kulling (fn Strand and Kulling 1972, p. 248). To the north and north-east the higher
grade base swells dramatically to several kilometres in thickness, containing amphibo-
lite facies, partly migmatized schists and amphibolites (cf. for example Uytenbogaardt
1961), while the overlying very low grade sequence is less than 500 m in thickness.
The detailed correlation of the lithologies within the Metartjarnen Formation with the
higher grade rocks to the north is open to some question. As will be discussed in the
following section, individual formations within the Laxfjdllet Nappe and Storfjillet
Nappe Complex also show marked lens-like character.

The Jofjillet area provides the most complete low grade stratigraphy of the Storfjal-
let Nappe Complex in Visterbotten. It is also within these phyllites and metavolcanites
that the massive Zn-Pb-Cu sulphide deposists are situated. For this reason the low
grade rocks of the Storfjillet Nappe Complex are the main concern of this paper.

A zone of more or less mylonitic rocks near the international border to Norway
defines the north-western limit of the mapped area. This Skinnfilltrasket Mylonite
which is the tectonically highest formation investigated in the Jofjallet area belongs
mainly to the garnet and biotite subfacies of the greenschist facies. Since the Skinn-
falltrasket Mylonite deviates in certain aspects from the rest of the Storfjillet Nappe
Complex it will often be discussed separately in this paper.

1.4.3. CLOSING REMARKS ON STRUCTURES

The regional foliation in the area is flat-lying and complex, often composed of two
foliations showing intense transposition characteristics and was established, like the
thrusts, during the “’early’’ deformation stages.

The dominant major structure is a large open synform, with a fold axis plunging
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gently westwards (Jofjallet Synform). This synformal structure interferes with folds
trending N-S, creating a distinctive dome and basin outcrop pattern especially in the
eastern part of the area. These intersecting E-W- and N-S-trending structures formed
“’late’” in the deformation history.

2. LITHOSTRATIGRAPHY

2.1. OPENING REMARKS

A formal lithostratigraphy consisting of 13 formations has been established within the
three different nappe units. A short description of these formations now follows, the
formations being described within each nappe unit in their tectonic order from bottom
to top.

2.2. BIORKVATTNET NAPPE

2.2.1. SKALVATTNET VOLCANITE
2.2.1.1. Type section

The type section is situated in the brook 200 m north of Skalvattnet in the south-west-
ern part of the Jofjallet area (24E 9-j; Fig. 2). Here the formation is 85 m in thickness.

The lower part of the formation consists of rather felsic tuffs and tuffites (Zachrisson
1971) and non-volcanogenic sediments including terrigeneous sandy phyllite (3 m),
limestone (8 m), calcareous pelite (10 m), and graphitic phyllite (4 m). The upper
purer volcanite part of the formation starts with a thin quartz-keratophyre, which is
succeeded by a thick (40 m) pile of mafic volcanites. The essential minerals in the
mafic volcanites include albite, bright green chlorite (15-30 %), epidote (6-55 % and
increasing upwards in the formation), amphibole (5-20 % and occasionally
poikiloblastic) and variable amounts of calcite. Quartz, white mica and biotite may be
present in small quantities.

The lower boundary of the formation is adequately exposed and has been placed
below the first appearance of volcanogenic rocks (felsic tuffs and tuffites). At the top
there is a small gap in exposure to the following formation, which consists here of
phyllites partly with a mylonitic appearance and containing abundant quartz veins. The
same features are characteristic also of the uppermost part of the volcanites.

2.2.1.2. Lateral continuation
The formation can be followed westwards to the Norwegian border and eastwards it
crosses the Joesjo—Tarnaby road at a point 3 km west of Nedre Jovattnet. North of this
area another volcanic horizon — more felsic in composition and at a higher structural
level — appears to wedge out against the overlying Jovattnet Calcareous Phyllite. In
the south-east of the map area around Vistansjo there occur volcanogenic rocks,
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Fig. 3. Pillow structures in greenstone belonging to '’Skilvattnet Volcanite™ (E79 road side locality at
Vistansjo, 24F 8-d).

which with regard to composition and structural level, largely resemble the Skilvatt-
net Volcanite, but also contain pillow structures at one roadside locality (Fig. 3). The
volcanites around Vistansjo occur at the same level as the Ruffevare greenschist
(Stephens 1977) to the south-east in the Térna area, which, according to Stephens
(1977), belongs to the lower part of the Gilliks Formation (Kulling 1933). A few
serpentinite bodies occur in the Skilvattnet Volcanite.

2.2.1.3. Interpretative remarks on environment of deposition
The lower part of the formation, consisting of limestone and fine-grained pelite
(including graphitic phyllite) with a contribution of fine sandy material, suggests a
rather quiet environment into which occasional incursions of sand from a terrigenous
source were being deposited (distal turbidites?). The dominantly mafic volcanites in
the upper part of the formation seem to consist mostly of tuffs, but the local presence
of pillow structure indicates some contribution from submarine lava flows.

2.2.2. VASTANSJO PHYLLITIC QUARTZITE
2.2.2.1. Type section
The type section is situated in Samuelssonbacken near Vistansjo in the eastern part of
the Jofjallet area (24F 8,9-d; Fig. 4). Here the formation is about 300 m in thickness.
The formation consists of phyllitic quartzite and feldspathic greywacke, sometimes
a little calcareous. The essential minerals include quartz (65-85 %), albite (515 %),
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Fig. 5. Contact between Vastansjo Phyllitic Quartzite and overlying Jovattnet Calcareous Phyllite. Note the
abundant quartz veins and phyllonitic character of the calcareous phyllite. The contact is interpreted as the
base of the Laxfjillet Nappe (E79 road side locality north of Vistansjo, 24F 9-d).

white mica (5-15 %), chlorite (1-5 % and ripodolitic in composition), and calcite
(1-7 %). Biotite occurs in all samples but in small quantities. Tourmaline (schorl) is a
common accessory mineral. There are also a few members of calcareous phyllite. The
small contribution of pelitic and especially graphitic material is striking. The grain size
is about 0.2 mm but larger clasts of quartz and feldspar are common. Graded bedding
occurs in some zones. Bed thickness up to 10 cm has been noted.

Neither the lower nor the upper contact is adequately exposed in the type section. A
supplementary type section has, therefore, been chosen in Gustavssonbécken, 1.2 km
to the south of Samuelssonbicken (see Fig. 6). Here the thickness of the formation is
only about 40 m, but both contacts are well exposed. The lower contact is mylonitic in
character with strongly deformed greenschists (“"Skilvattnet Volcanite™) underlying
quartz-rich rocks which are also strongly deformed (Vistansjo Phyllitic Quartzite).
Furthermore, in the border zone there are thick quartz segregations and a thin quartz-
rich mylonite, which may represent a pure quartzite. The upper contact is sharp: a
phyllitic quartzite is overlain by a pronounced phyllonitic rock (Jovattnet Calcareous
Phyllite; Fig. 5).

2.2.2.2. Lateral continuation

To the east the formation thickens and can be correlated with similar rocks in the Tarna
area, where according to Stephens (1977), they belong to the Lovfjall Formation (Viris
quartzite facies of Kulling 1933). To the west the formation thins out rapidly but can
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be followed confidently as far as Nedre Jovattnet. West of this lake, in a structural
position above the volcanites, there are occasionally thin layers that resemble the rock
types in the Vistansjo Phyllitic Quartzite; they may represent this formation in a
strongly deformed and extremely attenuated condition.

2.2.2.3. Interpretative remarks on environment of deposition

It is tentatively suggested that the rocks of the Vistansjo Phyllitic Quartzite represent a
more proximal turbidite facies.

2.3. LAXFJALLET NAPPE
2.3.1. JOVATTNET CALCAREOUS PHYLLITE
2.3.1.1. Type section
The type section is situated in Gustavssonbdcken at Vistansjo in the eastern part of the
Jofjillet area (24F 8-d; Fig. 6). Here the formation is only 12 m in thickness.

The formation consists of more or less calcareous phyllites, often with abundant
quartz veins which give a phyllonitic appearance. The grain size is 0.1-0.2 mm, but
there are also larger clasts of albite. The essential minerals include quartz (40-60 %),
albite (5-20 %), white mica (5-25 %), chlorite (3-10 %), and carbonate (5-20 %,
mainly calcite, but also ankerite has been identified). Biotite is often present in small
quantities in the formation to the east of Nedre Jovattnet. In the calcareous phyllites
there are elongate and concordant bodies of metagabbroic rocks. They are often
strongly foliated, but the cores of the larger bodies have subophitic textures preserved.
The essential minerals are albite, amphibole, chlorite and epidote (mostly in small
quantities).

The lower contact to the Vistansjo Phyllitic Quartzite is well exposed (Fig. 5).
Phyllonitic calcareous phyllite with abundant quartz veins is underlain, with a sharp
contact, by a phyllitic quartzite. The upper contact — here to the Metartjidrnen Forma-
tion — is also adequately exposed. The boundary, that is not so sharp, has been placed
where the rocks are reduced in calcite and contain a higher content of quartz and
especially graphite; the border zone is phyllonitic.

2.3.1.2. Lateral continuation

The formation can be followed in a north-easterly direction to the limit of the map.
Outside the map area the formation occurs as far north as east of Hemavan (un-
published map by Uytenbogaardt 1961). Correlation is also possible with similar but
much thicker calcareous phyllites with only a few metagabbros in the Tirna area
(Stephens 1977). Stephens has suggested that the gabbro-intruded calcareous phyllites
in the Tarna area should be correlated with the Lasterfjall Calcareous Phyllite of
Zachrisson (1969) and lie in a separate tectonic unit to the Lovfjall calcareous phyllite
(Kulling 1933). The formation can be followed north-west of Nedre Jovattnet, where it
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thickens and is heavily intruded by metagabbro. West of Metartjarnen the formation
thins out rapidly and its continuation is dubious in the very attenuated sequence to the
west.

2.3.2. JOESTROM QUARTZ-KERATOPHYRE
2.3.2.1. Description of the formation
The formation is found in a few places below the Metartjarnen Formation in the
southern part of the Jofjillet area. No type section has been established for this
formation, but it is present in Fig. 2. The maximum thickness amounts to about 30 m
but is generally much less.

The formation consists mainly of massive quartz-keratophyre. Some more mafic
rocks have also been recognized. The matrix is fine-grained, in places with larger
phenocrysts of quartz and albite. Quartz and albite dominate the mineralogy, but in the
more mafic parts chlorite and epidote are also important. White mica is always present
in small quantities and biotite, calcite and garnet (occasionally chloritized) may be
present.

No contacts are exposed. The formation is overlain by the Metartjarnen Formation
and is underlain by phyllites, that in the eastern part of the area belong to the Jovattnet
Calcareous Phyllite and in the western part (Fig. 2) have been tentatively correlated
with this formation.

2.3.2.2. Lateral continuation

The Joestrom Quartz-Keratophyre can be traced over the Formliden Antiform around
Hemavan (Uytenbogaardt 1961) and connects up with the Layered Metavolcanic
Formation of Stephens (1977). This unit is more than 500 m thick (Stephens 1977) in
the Tarnaby area. The so-called Ropen granite (Beskow 1927) on Sodra Storfjillet,
about 20 km to the south, is probably also a stratigraphic equivalent occurring at the
same structural level. This predominantly felsic sequence provides an excellent exam-
ple of the extreme lens-like character of some of the formations within the Jofjillet-
Téarna region.

2.4. STORFJALLET NAPPE COMPLEX
2.4.1. METARTJARNEN FORMATION
2.4.1.1. Type section

The type section is situated in Storbacken in the southern part of the Jofjéllet area (24F
9-a; Fig. 7). Here the formation is about 200 m in thickness.

The lower part of the formation consists of quartz-rich mica schists which become
more pelitic upwards, the texture of the rocks often being transitional between typical
schist and phyllite. This monotonous sequence is interrupted by thinner beds of
graphitic schist. A characteristic mineral is garnet which increases in quantity and size
upwards in the sequence towards the more pelitic rocks. The upper part of the
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formation commences with a suite of volcanites — greenschists and greenstones with
subordinate more felsic rocks. Then follow mica schists, often somewhat calcareous
and a little graphitic. Garnet decreases in quantity and size upwards. The rocks of the
Metartjarnen Formation are more or less phyllonitic, especially near the lower con-
tact. The grain size is usually between 0.1-0.2 mm, but larger porphyroclasts are
common. Important minerals in the mica schist include quartz, albite, white mica,
chlorite, biotite, *garnet (occasionally more or less chloritized), *calcite, *tour-
maline (schorl). Important minerals in the mafic volcanites include albite, amphibole
chlorite, epidote, biotite, sphene, *calcite.

The Metartjarnen Formation lies on top of the Skilvattnet Volcanite. Although the
actual contact is not exposed, both formations are strongly deformed in the vicinity of
the contact. The upper contact is not exposed, so a supplementary type section has
been chosen where both contacts can be studied; this is situated in Gustavssonbacken
at Vastansjo (24F 8-d; Fig. 6). The Metartjarnen Formation here rests with marked
tectonic contact (phyllonitic) on the Jovattnet Calcarcous Phyllite; the garnets in the
Metartjarnen Formation are partly chloritized near the contact. At the upper contact
the Metartjarnen Formation underlies calcareous phyllites of the Jofjillet Calcareous
Phyllite. Immediately below the contact there is a graphitic phyllite (4 m thick) and
then a calcareous phyllite (3 m thick) above the more common mica schists of the
Metartjarnen Formation. The mica schist of the Metartjarnen Formation is biotite-
and garnet-bearing, the calcareous phyllite in the upper part has biotite, but no garnet
and the graphitic phyllite at the contact has minor biotite and garnet, partly
chloritized. The calcareous phyllite of the Jofjillet Calcareous Phyllite contains biot-
ite, which rapidly decreases in abundance away from the contact. The rocks at the
contact appear deformed (phyllonitic). It may be of importance to note that the
lithologies in the uppermost part of the section in Gustavssonbidcken deviate from the
typical schists below. In other places there are rocks in a similar tectonic position
which are difficult to incorporate in either the Metartjarnen Formation or the Jofjallet
Calcareous Phyllite. They characteristically have a varied lithology; quartzitic and
graphitic rocks and even a pure limestone lens have been found. This thin and lens-
like unit (0-30 m) seems to have a somewhat lower metamorphic grade than the
Metartjarnen Formation, but has for the case of convenience been included in this
formation on the geological map (Plate 1).

2.4.1.2. Lateral continuation
The Metartjarnen Formation extends from the Norwegian border in the south-west
along the southern side of Jofjallet as a rather thin and lens-like unit. In the eastern part
of Jofjillet the formation thickens and can be followed around the large synformal
structure to the north and west. Outside the map area on Artfjillet to the north, Norra
Storfjillet to the north-east and Sodra Storfjallet to the south this unit attains a
thickness of several thousand metres. It is also possible to correlate at least the lower



22 JOHAN SANDWALL

part of the Metartjarnen Formation with the Staurolite Schist Formation in the Tarna
area to the south-east. According to Stephens (1977) the base of this unit forms the sole
of the Storfjillet Nappe Complex. The igneous rocks in the type section at Storbacken
seem to be traceable towards the Norwegian border, where also rocks with gabbroic
texture occur. In the eastern part of the Jofjéllet area no igneous rocks have been
found within this formation, but in the northern part igneous rocks are again present.
In the eastern and northern part a calcareous member is also discernible.

The upper contact — that is the contact between the Metartjarnen Formation and the
Jofjallet Calcareous Phyllite — is generally poorly exposed in the Jofjillet area. In the
few places where the contact has been studied — as in Gustavssonbacken — it appears
tectonic. The mica schist of the Metartjarnen Formation is usually garnetiferous, often
chloritized. The Jofjéllet Calcareous Phyllite is not garnetiferous, while biotite de-
creases in quantity away from the contact. Thus, the metamorphic grade apparently
changes quite rapidly over the contact. However, the chemical composition of the
rocks must also be taken into account. In this context, it is worth noting that the
calcareous rocks in the Metartjarnen Formation are not garnetiferous, while biotite
content is lower than in the mica schist.

2.4.2. JOFJALLET CALCAREOUS PHYLLITE
2.4.2.1. Type section

The type section is situated in the upper course of Samuelssonbacken north of
Vistansjo in the eastern part of the Jofjallet area (24F 9-d; Fig. 8). Here the formation
is about 1 200 m in thickness.

The formation is composed of a thick pile of carbonate-rich phyllites consisting of
an interlayering of thicker (0.5-10 cm) psammitic and thinner pelitic layers. In volume
the psammitic beds dominate over the pelitic laminae especially in the upper part of the
formation. Graded bedding-like structures occur, but deformation and metamorphism
have largely obliterated the primary texturcs making the determination of younging
directions hazardous. The grain size is 0.1-0.2 mm, but larger porphyroclasts are also
present. In the more psammitic layers the quartz content is 45-57 % and the albite
content is 14-20 % (Fig. 8), the quartz-albite ratio being quite constant at 3:1. The
carbonate content is 15-30 % and increases in the upper part of the formation where
the phyllosilicate content decreases. In the lowermost part of the formation there is
more calcite than ankerite, but in the remainder of the formation ankerite dominates
over calcite. The ankerite becomes more Fe-rich higher up in the formation. White
mica (5-20 %) consists of muscovite which in the upper part occasionally occurs
together with paragonite. Chlorite is mostly subordinate in quantity (<10 %). Biotite
is only present in the lowermost part of the formation. Accessory minerals include
tourmaline (schorl), apatite, zircon, sphene and opaque minerals.

The lower contact to the Metartjarnen Formation is not exposed, so a supplementary
type section has been established in Gustavssonbdacken 1 200 m to the south (24F 8-d;
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Fig. 8. Type section of the Jofjallet Calcareous Phyllite.

Fig. 6). Here the Jofjillet Calcareous Phyllite is underlain by a very graphitic phyllite,
the contact having a phyllonitic appearance. The contact to the overlying formation is
not exposed, the gap of non-exposure being about 10 m. The rock above the boundary

is characterized by siderite porphyroblasts and belongs to the Tjater Phyllite. In

Seinesbdcken, in the southern part of the Jofjallet area, the contact between the two
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formations is exposed (24F 9-b; Fig. 9). Here also siderite porphyroblasts are present
in the phyllite above the contact, while the rock below the contact contains both
non-porphyroblastic siderite and ankerite. The contact is believed to be primary.

2.4.2.2. Lateral continuation

The formation is thick (about 1 200 m) in the hinge of the large west-plunging synform
(Jofjallet Synform) but thins out substantially on its limbs, especially the southern one.
In the eastern part of Jofjillet, calcareous phyllites belonging to the Jofjillet Calcare-
ous Phyllite occur in a domal structure. In the western and central part of the map area
there are various tectonic repetitions of calcareous phyllite of this type (see later
discussion and Plate 1).

2.4.2.3. Interpretative remarks on environment of deposition

The thin nature of the bedding between more psammitic and more pelitic interlayers as
well as the presence of graded bedding suggest that the formation represents a more
distal turbidite facies.

2.4.3. TJATER PHYLLITE
2.4.3.1. Type section

The type section is situated in Seinesbdacken in the southern part of the Jofjillet area

(24F 9-b; Fig. 9). Here the formation is 160 m thick.

This formation will be treated in somewhat more detail since it is the country rock
for most of the mineral deposits in the Jofjillet area. The rocks show a rapid vertical
variation in lithology but the overall composition of the formation indicates a rather
carbonate-rich, pelitic rock type. The grain size of the matrix is 0.1 mm or less and the
grains are strongly elongate. Small quartz lenses, often with recrystallized grains, are —
like the siderite porphyroblasts — prior to the main foliation. The quartz lenses seem to
be relics of isoclinal folds, to which the main foliation is a penetrative axial surface
cleavage. The rocks often show a tendency towards a phyllonitic texture. 12 informal
members have been established. They will now be described in order from bottom to
top.

1. Siderite porphyroblast-bearing phyllite (1015 m). The blasts are numerous and
about I mm in size. The essential minerals include quartz (37 %), albite (17 %),
ankerite (9 %), siderite (6 %), chlorite (6 %), and muscovite (25 %).

2. Pelitic phyllite, in places with tiny (0.2-0.3 mm) siderite porphyroblasts (3540
m). The essential minerals include quartz (28 %), albite (17 %), ankerite (6 %),
siderite (<1 %), chlorite (18 %), and muscovite (30 %).

3. Pelitic phyllite, somewhat carbonatic (11 m). The essential minerals include
quartz (43 %), albite (23 %), ankerite (7 %). chlorite (2 %), and muscovite
25 %).

4. Graphitic phyllite (9 m.) (The graphite content is rather low.)
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5. Calcareous (ankeritic) phyllite (10 m). The essential minerals include quartz
(48 %), albite (12 %), ankerite (18 %), chlorite (7 %), and muscovite (15 %).

6. Siderite porphyroblast-bearing phyllite (12 m). The blasts are numerous and 1-2
mm in size. The essential minerals include quartz (35 %), albite (8 %), ankerite
(5 %), siderite (12 %), chlorite (5 %), and white mica (35 %), consisting of
muscovite and subordinate paragonite.

7. Graphitic phyllite, quartz-rich (8 m).

8. Phyllite, somewhat graphitic and carbonatic (20 m). Within this member the
lithology varies from quartz-rich to phyllosilicate-rich phyllites. The essential
minerals in a more pelitic sample include quartz (36 %), albite (14 %), ankerite
(4 %), chlorite (15 %), muscovite (30 %), and graphite.

9. Siderite porphyroblast-bearing phyllite, rather quartz-rich and somewhat ankeri-
tic (11 m). The porphyroblasts are about 1 mm in size.

10. Quartz mylonite, in places somewhat graphitic (8 m). The essential minerals
include quartz (73 %), albite (15 %), muscovite (12 %), and ankerite (<1 %).

11. Quartz phyllite, in places with small siderite porphyroblasts (7 m). At the lower
contact there is a thin bed of calcareous phyllite. At the upper contact there is a
small sulphide mineralization in a thin bed of sericite schist.

12. Carbonatic phyllite, somewhat graphitic and in places with small siderite
porphyroblasts (<0.5 mm; 15 m). The essential minerals include quartz (45 %),
albite (8 %), ankerite (7 %), siderite (4 %), chlorite (<1 %), muscovite (35 %),
and graphite.

In the following summary of the quantitative variation of the minerals in the Tjater
Phyllite, member 10 (the quartz mylonite) is excluded. The variation is as follows:
quartz 3348 %, albite 8-23 %, carbonate 4-18 %, ankerite 4-18 %, siderite 0—
12 %, chlorite < 1-15 %, and white mica 15-35 %.

The boundaries of the Tjater Phyllite are well exposed. As stated earlier, the lower
one, between the conspicuous siderite porphyroblast-bearing phyllite and the Jofjallet
Calcareous Phyllite, is thought to be primary. The upper boundary is between a
somewhat graphitic carbonatic phyllite with scattered siderite porphyroblasts and a
light-coloured volcanogenic rock (Seinesbacken Volcanite); this contact also appears
to be primary.

2.4.3.2. Lateral continuation

The formation can be followed in the same tectonic position around the large synfor-
mal structure which dominates the Jofjillet area. In general a similar stratigraphy to the
type locality has been observed in the areas where the mineral deposits occur. Of
these, Tjater is situated 1 km to the east of the type locality and Ostra and Vistra
Storbdcksdalen about 2 km to the west. In the northern limb of the large synform the
formation becomes more calcareous and the characteristic siderite porphyroblasts are
missing; it, thus, becomes difficult to distinguish this formation from the Jofjallet
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Calcareous Phyllite. In the central and western parts of Jofjéllet there are large areas
consisting of often calcareous pelitic phyllite; siderite porphyroblasts occur only in
restricted areas (Plate 1). These pelitic phyllites are thought to be equivalents of the
Tjater Phyllite, tectonically repeated at higher structural levels.

As can be seen on the geological map (Plate 1) in many areas there is a considerable
lateral variation in lithology of the Tjater Phyllite. Pelitic phyllites conspicuously
grade laterally into quartz-rich rocks with mylonitic appearance. There are two alterna-
tives for the origin of these quartz-rich rocks. 1. They may represent quartz-rich
sediments, where chert might be an important component. 2. They may have formed
secondarily by metasomatic processes, being related to intense differential move-
ments.

2.4.3.3. Intrepretative remarks on environment of deposition

The pelitic character of the rocks indicates a quiet sedimentary environment, with a
rather slow influx of erosional products derived from a terrestrial source. The presence
of graphite indicates locally reducing conditions in the basin of deposition. The genesis
of the siderite porphyroblasts is problematic; they are prior to the main foliation and
may be interpreted as either diagenetic, metamorphic or a combination of these
possibilities. The porphyroblasts are more or less restricted to the southern part of the
Jofjillet area, and in particular, to the mineral deposits.

2.4.4. SEINESBACKEN VOLCANITE
2.4.4.1. Type section

The type section is situated in the upper course of Seinesbécken, in the southern part
of the Jofjillet area (24F 9-b; Fig. 10). Here the formation is 140 m in thickness.

The formation consists of a more or less well layered volcanogenic sequence. The
rocks in the lower and upper parts of the type section are light-coloured, while the
rocks in the middle part are light-green in colour. In places they are somewhat
carbonatic and magnetite (also ilmenite) is a conspicuous mineral. Grain size is
0.1-0.2 mm, with some larger porphyroclasts of albite. The minerals tend to be
segregated in mica- and quartz-rich domains. There are also small lenses and stringers
of pure quartz (occasionally including carbonate or magnetite) which often seem to be
isoclinally folded. This layering could be of a primary nature, but is probably largely
metamorphic.

Fig. 10 shows that the proportion of the different minerals varies substantially
within the formation. Albite varies between 0 and 49 %, being remarkably low in the
upper third of the formation, where instead quartz (16-65 %) is abundant. White mica
(2548 %), including muscovite and often paragonite, is abundant at all levels. The
light-coloured rocks are very poor in chlorite (Fe-ripodolitic), while the light-green
rocks are richer (0-15 %). Epidote (04 %) is found only in some of the light-green



28

P
Pseansy”
S
S
9

e
e

AR
e

JOHAN SANDWALL

N SEINESBACKEN VOLCANITE

s
LA
SN
Ry

LEGEND

a5H
E==
D\
B

guartz phyllite
graphitic phyllite
ankeritestone

quartz-keratophyre

mixed felsic/.
mafic volcanites

tuffite (felsic)
tuffite (mixed)
magnetite

siderite porphyroblasts

quartz

albite

muscovite
paragonite

chlorite (+epidote)
magnetite +ilmenite
chemical sample

Rikarsjon
Phyllite

Seinesbdcken
Volcanite

EXTRZ

KTk
5

50855
000800
%

b
M

;

3%
2
K
bo%s
09

24,
o%e,
0K
23055
e
S0
255
02025,

5

>
%
)
%
55
o%
%
Q.‘

o,

5%

S5
5
%55
305
5
9558,
Sose

0,

<
%

5

55

%
5
5

<5

5%

Sl

<
<5
o
50

s
%5
o
5

0
5%

',
&
%,

%,
4%
&

o
o,
e
%S

e

o
%

o5
"%

o
%
X

z
bt

%S

el

X

o
%

%%

<

X

%5
e

5
%,

o,

B5s

%"

0,

5
&

0
5%
X

0

35
&5

0

%
0
5%
e

2
2!
9%
53

%

x
.

b%

%

e
"
s
XX
o¥s

7
s
K
%

-

o
2

&

...
5%
59
9
855
150.0%%

2

>
%

55

5

0
50

,.
LS
X2

555

b

%
2o2e

....
o
XX
%
%55
(5
20

Zz

0%,
S5

%
bo%%

%,
X

757
)

s

2%

A

Rz

",
X0
20,

9

5050

o

3,
%

‘0
0

5,

W%
ot
29788
oS
%
o8

s
09095
508,
0555
b2

0,
A
>

e
05
M5

"6 %%
%

%
%%
%
55

%5
b8?
b2

s
3
o

8
%
oo9e%s
¥
05
455

272
05058
‘0 D.‘
55
b5y
’ )
o
o 6%

%5

%

o

2

5’
6%

4
%
&2

628

—
K
esete! :‘
s

o

%

%

0"

b

%

5%
e

%

b

TR
XXX
IRESE
7ibes
7
S84
£3855438%
b%e %

. Type section of the Seinesbacken Volcanite.

Tjdter
Phyllite




CALEDONIAN GEOLOGY OF THE JOFJALLET AREA 29

rocks. Carbonate minerals (0-7 %) include ankerite and occasionally calcite and even
siderite (in the lowermost part of the formation). Magnetite (0.5-5 %) is a common
and characteristic mineral, especially in the light-green rocks, while ilmenite is
common in the light-coloured rocks. Common accessory minerals include apatite,
zircon, tourmaline, rutile, and sphene.

The boundaries of the formation are adequately exposed in the type section. The
lower boundary is between a light-coloured volcanogenic rock (with grains of siderite)
and a somewhat graphitic, carbonatic phyllite with scattered siderite porphyroblasts
(Tjater Phyllite). The contact seems to be gradual, with siderite on each side of the
boundary. The upper boundary is between a light-coloured, rather carbonate-rich
volcanogenic rock, and a graphitic quartz phyllite (Rikarsjon Phyllite). The rocks at
the contact are somewhat phyllonitic.

2.4.4.2. Lateral continuation

The formation can be followed at the same tectonic level around the hinge, where it
outcrops in a major depression, and limbs of the large synformal structure which
dominates Jofjillet. In the central part of the area the formation is tectonically repeated
at higher tectonic levels (Plate 1). Although varying a lot along strike, both in lithology
and thickness. the Seinesbicken Volcanite is the most important marker horizon in the
Jofjillet area. In a few places there occur metagabbros. A conspicuous and rather
common mineral in the Seinesbicken Volcanite is chloritoid which, however, not has
been found in the type section. It seems that chloritoid varies negatively with magne-
tite in the Seinesbicken Volcanite. Considering also the remarkably low albite and
high paragonite content in the type section the following reaction is proposed (cf.
Halferdahl 1961):

albite+chloritoid+fluid —— paragonite + magnetite +chlorite +quartz+(Na+?)

Microscopic studies show that many of the minerals in the equation above have a
largely post-tectonic recrystallization (see later section). Relatively high oxygen
pressure for the formation of magnetite is required, while certain ions, especially Na,
appear to have been highly mobile and have left the system. It is supposed that most of
these reactions took place in response to the intense tectono-metamorphic processes
generated by thrusting (see later section). A more thorough treatment of the problems
involved in the Seinesbicken Volcanite is forthcoming in a later paper.

An important key member, again absent in the type section, is the Seinesfjéllet
Carbonatestone. The thickness of this unit is up to 30 m but is generally much less and
the carbonatestone is apparently absent in many places. It is a very pure dolo—ank-
eritestone, always showing a sharp contact to the volcanites (Fig. 11a). It is often
conglomeratic, usually with rather sharp-edged fragments (Fig. 11b). Fig. 12 shows
the chemical composition of the Seinesfjillet Carbonatestone in different parts of the
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0.5mm, -

Fig. 11. Seinesfjallet Carbonatestone.

a: Equigranular (*’non-fragmentary’’) dolostone. Note the *’anomalous’’ monomineralogic nature of the
rock and the laminae of carbonaceous (*’graphitic’’) matter (24E 9-j, uncrossed nicols).

b: Conglomeratic (*’fragmentary’’) dolostone. The fragments and the matrix (and also veins not present in
the picture) have the same dolomitic composition (25F 0-a, uncrossed nicols).
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Fig. 12. Triangular diagram showing plots of analyses of ankerite and dolomite from the Seinesfjillet
Carbonatestone. An inset enlargement diagram differentiates the plots according to the legend above. The

analyses were carried out at SGU (Stockholm) in 1977 on an ARL electron microprobe with voltage varying
from 15 to 30 kV.

Jofjallet area and the chemical composition of the fragments and other constituents of
each rock sample. The conclusion drawn from the figure is that the composition of the
carbonate varies from dolomitic to ankeritic in different parts of the map area
(metamorphic effect?), but that the different constituents of the rock at one locality do
not vary (also metamorphic effect?).

2.4.4.3. Interpretative remarks on environment of deposition

Although predominantly volcanic-influenced, there appears to be some contribution of
terrestrial-derived material in the Seinesbacken Volcanite. The often low feldspar and
high white mica and quartz contents, however, might to a large degree, be the result of
metasomatic alteration of the rocks during regional metamorphism. Reworking of
mixed felsic (light-coloured) and mafic (light-green) tuffs is thought to have taken
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place but a contribution from air-transported ashes is probably most important. In
general the Seinesbicken Volcanite appears to represent a rather distal volcanite
facies, perhaps related to a relatively mature island arc complex.

The origin of the Seinesfjillet Carbonatestone is somewhat uncertain. Chemical
precipitation from hydrothermal solutions in connection with the distal volcanic
activity may be speculated. The conglomeratic appearance of the carbonatestone is
interpreted as being due to submarine sliding of more or less lithified carbonatestone
(sedimentary breccia).

2.4.5. RIKARSJON PHYLLITE
2.4.5.1. Type section

The type section is situated in the upper part of Storbacken (24F 9-a; Fig. 13). Here the
formation is about 600 m in thickness.

The formation consists mainly of quartz phyllite, often somewhat pelitic, with little
or no carbonate content. The graphite content is, in general, also low, apart from a
zone in the lowermost part of the formation, in connection with the greenschist in the
middle and in a few horizons in the upper part of the formation. In the uppermost part
of the formation there occurs a pelitic phyllite, while in the middle part there are a 60
m thick layered greenschist and a thin horizon (less than 10 m) of tuffitic rocks.

The quartz phyllites are usually between 0.1-0.2 mm in grain size, but larger
porphyroclasts of quartz and albite are common. The rocks are usually layered with
mica- and quartz-rich domains and often with lenses and stringers of quartz
(metamorphic layering). The essential minerals in the typical quartz phyllites include
quartz (60-70 %), albite (5-15 %), chlorite (2-5 % and normally a Fe-ripodolite), and
white mica (15-25 %). Common accessory minerals include zircon, apatite, tour-
maline (schorl), and ore minerals. Biotite seldom occurs, but in the lowermost part of
the formation a garnet-rich quartz phyllite (35 % garnet) is present.

The grain size of the pelitic phyllites is about 0.05 mm and the quartz grains are
strongly elongate. The main foliation is here a slaty cleavage. The pelitic phyllites
have the same minerals as the quartz phyllites, but in different proportions. Phyllosili-
cates, for example, often make up 50-75 % of the rock.

The grain size of the layered greenschist is 0.1-0.5 mm and the main foliation is a
slaty cleavage. Thin calcite-rich layers are occasionally present. Essential minerals
include quartz (5-10 %), albite (15-25 %), white mica (0-1 %), amphibole (145 %,
light-green and poikiloblastic), chlorite (2045 % and Mg-ripodolitic), epidote (6—
20 %), and calcite (04 %).

The graphitic quartz phyllites at the lower boundary to the Seinesbacken Volcanite
appear somewhat phyllonitic. It is near this contact also that the garnet-rich rock
occurs. The upper contact is not exposed in the main course of Storbacken, but in a
side stream 400 m to the west. Here the pelitic phyllite is overlain by a narrow zone
(less than 5 m) of a mylonitic quartz phyllite, interpreted as belonging to the base of
the Tjater Phyllite, which here is at a higher tectonic level compared to its type section.
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Fig. 13. Type section of the Rikarsjon Phyllite.
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2.4.5.2. Lateral continuation

From the type section the formation extends in a rather broad belt towards the
Norwegian border to the west and to the Seinesfjallet area to the east. It is also
encountered at the same tectonic level around the eastern and northern parts of lake
Tingvattnet. The same formation also occurs at a higher structural level as a part of an
important tectonic repetition (Plate 1). In general the Rikarsjon Phyllite is more pelitic
in the eastern part of the Jofjillet area, while being more quartz-rich in the western part
and in the higher tectonic unit.

2.4.5.3. Interpretative remarks on environment of deposition

The formation is believed to represent basinal conditions, locally showing strongly
reducing environments. Minor contemporaneous mafic magmatic activity is indicated
by the greenschist occurrence.

2.4.6. RUFFE GREENSTONE
2.4.6.1. Type section
The type section is situated in the lower part of Skinnfilltraskbiacken in the north-wes-
tern part of the Jofjillet area (25E 0-j and 24F 0-a: Fig. 14). Here the formation is 360
m in thickness.

The lower half of the formation consists of more or less strongly foliated mafic
volcanites (Fig. 15). They are often somewhat calcareous and thinner layers of calcite
also occur. The grain size of the volcanites is commonly around 0.1 mm but the
amphibole-rich rocks tend to be coarser and some rocks are porphyritic. Metasedimen-
tary units are interlayered within these mafic volcanites, five such layers being present
in the type section. They are 3—6 m thick and have been classified as graphitic quartz
phyllites except the uppermost one which is a pyrrhotite-rich graphitic phyllite. The
upper part of the formation, which is less well exposed, consists of less strongly
foliated greenstones. One member is coarse-grained (2-3 mm) and another has a
porphyritic texture (albite phenocrysts about 2 mm). The essential minerals in the
mafic volcanites, which vary substantially in proportions (Fig. 14), include quartz (in
most rocks very subordinate), albite (10-65 %) and chlorite (1-40 %, usually Mg-Fe
ripodolitic but Fe-ripodolitic in the upper part of the formation); both showing a
negative correlation with amphibole (0-70 %, tremolitic in composition). Epidote
(4-25 %) tends to vary positively with chlorite. Calcite (0-6 %) shows an irregular
distribution and white mica is very subordinate. In general, the mafic volcanites are
more strongly foliated and chlorite and epidote dominate over amphibole near the
contacts to the metasedimentary beds.

The lower boundary is well exposed. A strongly foliated greenstone is in contact
with a few metres thick graphitic quartz phyllite which is underlain by a somewhat
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Fig. 15. Localized shear zones in Ruffe Greenstone (25F 0-a).

calcareous pelitic phyllite; these rocks are interpreted as belonging to the Tjater
Phyllite. The contact here does not appear to be particularly tectonic (absence of
mylonites and phyllonites), but several stratigraphic units appear to be missing and a
tectonic contact relationship is inferred. The upper contact to the Rovattnet Formation
is not exposed in the type section, but in other places there is a broad zone of mylonitic
rocks above the Ruffe Greenstone.

2.4.6.2. Lateral continuation
The Ruffe Greenstone is restricted to the western core zone of the Jofjéllet Synform. In
a strongly deformed mafic volcanite in the eastern part of the formation an abundance
of stilpnomelane has been found. On the southern limb of the synform the Ruffe
Greenstone shows a marked tectonic contact to the underlying units (see later discus-
sion in section 4.2.). The rocks, especially below the contact, are here mylonitic in
character.

2.4.7. ROVATTNET FORMATION
2.4.7.1. Description of the formation
The formation is located in the western part of the Jofjallet area. A section through the
upper part of the formation is shown in Fig. 16. This section is situated in Brackfjalls-
bicken (25E 0-j). The maximum thickness of the Révattnet Formation is about 500 m.
The formation is composed of metasediments and subordinate volcanites. The
metasediments are variable, including pelitic, calcareous, graphitic, and most com-
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Fig. 16. Section through the upper part of the Rovattnet Formation.

monly quartz-rich rocks. In large areas these rocks are strongly deformed and are more
or less mylonitic. The volcanites often have a mafic composition and are usually also
severely deformed, but occasionally a relict igneous texture is preserved. In the section
through the upper part of the Rovattnet Formation (Fig. 16), the whole rock sequence
is more or less mylonitized. These mylonitic rocks consist of a very fine-grained
matrix (about 0.03 mm) dominated by recrystallized albite and quartz which together
often constitute around 90 % of the rock (metaquartz-keratophyre?); larger post-
tectonic porphyroblasts of biotite and occasionally stilpnomelane also occur (see later
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discussion). In the Rovattnet Formation the index mineral chlorite and — to a less
extent — biotite is quite common, while garnet has been found only in a couple of thin
sections.

The upper contact is well exposed in the section in Brackfjéllsbacken. The forma-
tion is overlain by greenschists (Brackfjillet Greenstone), apparently with a tectonic
contact (abundant mylonites). The lower boundary to the Ruffe Greenstone is also
marked by a broad zone of mylonitic rocks.

2.4.7.2. Lateral continuation

The formation is restricted to the western core zone of the Jofjdllet Synform.

2.4.8. BRACKFJALLET GREENSTONE
2.4.8.1. Type section

The type section is situated in Brackfjallsbacken located near the Norwegian border
(25E 0-j; Fig. 17). Here the formation is about 170 m in thickness.

The formation consists of more or less foliated mafic volcanites, often somewhat
calcareous and occasionally biotite-bearing. Terrestrial-derived metasedimentary
rocks are not present in the sequence. Pillow-like structures are rather common but
most, if not all, of them are tectonic in origin (Fig. 18). The grain size of the matrix is
usually less than 0.1 mm, but larger porphyroblasts of biotite are rather common and
albite phenocrysts occur infrequently. Small rounded segregations of quartz and calcite
in some rocks may represent infilled lava vesicles. The essential minerals, that vary
substantially in proportions, include quartz (subordinate), albite (35-70 %) and chlo-
rite (145 %, Fe-ripodolitic); all of which correlate negatively with amphibole (045
%, tremolitic in composition). Chlorite dominates in the lower and uppermost part of
the formation. Epidote (0-10 %) shows an irregular distribution, while biotite (0-17
%) and to a less extent calcite (0.8 %) tend to vary positively with chlorite. White
mica is very subordinate in quantity. It is suggested that in the more strongly foliated
rocks — as near the upper and lower contacts of the formation — amphibole has been
converted into chlorite, biotite and calcite.

The lower contact is well exposed. Here the Brackfjillet Greenstone is strongly
foliated and the rocks of the underlying Rovattnet Formation are mylonitic, indicating
a pronounced tectonic contact. The actual contact at the upper boundary is not
exposed. But the gap of non-exposure to the Skinnfélltrasket Mylonite is small and a
tectonic boundary is inferred.

2.4.8.2. Lateral continuation
The Brackfjillet Greenstone is restricted to the extreme western part of the map area.
In the northern part of the formation there is a large body of pure limestone while to the
south the formation is apparently thicker due to the progressive northwards attenuation
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Fig. 18. Pillow-like structures in Brackfjillet Greenstone (25E 0-j).

beneath the Skinnfilltriasket Mylonite. The Brackfjallet Greenstone appears quite
similar to the Ruffe Greenstone. In the southern outcrop area, similar metasediments
as are found in the Ruffe Greenstone occur higher up in the Brackfjillet Greenstone
succession.

2.4.9. SKINNFALLTRASKET MYLONITE
2.4.9.1. Description of the formation

The formation is located in the extreme western part of the Jofjillet area close to the
Norwegian border. No type section has been established for the formation, but its
lower part is shown in Fig. 17 (25E 0-j). The formation is 10~75 m in thickness.

The formation consists of more or less mylonitic rocks of varying appearance. The
rocks often have a very fine-grained matrix (about 0.03 mm) — dominated by recrystal-
lized quartz and albite — occasionally with larger grains of albite and/or biotite (blas-
tomylonites). The petrology of the original rocks can sometimes be deduced where the
mylonitization is less severe. At least some of the mylonitic rocks have apparently
been greenstones, which seem to be more resistant to the mylonitization process than
most other rock types.

The important minerals include quartz (often very abundant), albite, =microcline,
*+white mica, *chlorite, biotite, *garnet.

As discussed earlier, the lower boundary to the Brackfjallet Greenstone is inferred to
be a tectonic contact.
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3. METAMORPHISM
3.1. OPENING REMARKS

The rocks in the Jofjillet area have been metamorphosed under greenschist facies
conditions and metamorphic grade variations are summarized in Fig. 19. The meta-
morphism is now described for each tectonic unit in structural order from bottom to
top.

3.2. BIORKVATTNET NAPPE

As shown in Fig. 19, the rocks within this unit belong, in the lower part, to the quartz-
albite-muscovite-chlorite subfacies (Winkler 1967) and in the upper part mainly to the
quartz-albite-epidote-biotite subfacies of the greenschist facies. In both parts, how-
ever, there are certain deviations from this metamorphic pattern. In the lower part
biotite and even garnet have been noted in a few places, while in the upper part biotite
is occasionally absent. Whole rock composition is evidently influencing particular
mineral assemblages.

The same metamorphic grade conditions are indicated by the mafic and the more
pelitic rocks in the Skalvattnet Volcanite, although biotite seems to be somewhat more
frequent in the mafic rocks. The mafic rocks have a mineral association including
albite, chlorite, +epidote, *actinolite (seldom present in the Vistansjo area), *calci-
te, *quartz, =muscovite, *biotite. The more pelitic rocks contain quartz, albite,
chlorite, muscovite, calcite, *biotite. In the Vistansjo Phyllitic Quartzite biotite
appears to be less common in the calcareous members than in the other rock types.

3.3. LAXFJALLET NAPPE

The calcareous rocks of the Jovattnet Calcareous Phyllite belong to the quartz-albite-
muscovite-chlorite subfacies, apart from the upper part of the formation and in the area
north of Vistansjo where they belong to the quartz-albite-epidote-biotite subfacies.
Chloritized garnets have been found at one locality in the upper part of the formation.
The calcareous rocks have a mineral association including quartz, albite, chlorite,
muscovite, carbonate, *biotite, *garnet (retrogressed).

The metamorphic grade of the metagabbros within the Jovattnet Calcareous Phyllite
shows the same regional pattern as for the calcareous rocks. The mineral association is
albite, chlorite, epidote, *actinolite, *muscovite, *quartz, =*calcite, *biotite,
*garnet (chloritized and found at one locality only).

The felsic volcanic rocks of the overlying Joestrom Quartz-Keratophyre belong
mainly to the quartz-albite-epidote-almandine subfacies. The mineral association is
quartz, albite, chlorite, muscovite, +epidote, *calcite, *biotite, =garnet (usually
present, occasionally partly chloritized).
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3.4. STORFJALLET NAPPE COMPLEX

Metamorphically the Storfjillet Nappe Complex is conveniently divided into three
parts: a lower, higher metamorphic, basal part (the Metartjarnen Formation), a middle,
lower metamorphic part which includes most of the formations and an upper, higher
metamorphic part (the Skinnfalltrasket Mylonite).

3.4.1 THE HIGHER GRADE PART

The rocks in the Metartjarnen Formation are mainly in the quartz-albite-epidote-al-
mandine subfacies of the greenschist facies. The garnets are especially large (2-5 mm)
and numerous in pelitic rocks, somewhat less well developed in more psammitic rocks
and are mostly lacking in very graphitic, calcareous and mafic rocks. The garnets are
usually more or less chloritized. Beds with fresh garnets and beds with retrogressed
garnets are often characteristically interlayered. In the type section in Storbécken (Fig.
7) the garnets are most conspicuous in the middle part of the formation, this being
probably a whole rock compositional control, the rocks here being largely pelitic. In
the eastern part of the area, Murris (1957) observed rectangular sericite aggregates that
might represent pseudomorphs after staurolite and even higher grades than indicated
here.

The mineral association for the pelitic and psammitic rock types is typically quartz,
albite, muscovite, chlorite, biotite, garnet, = calcite. The mineral association for the
calcareous phyllites is quartz, albite, muscovite, biotite, carbonate (about 10-35%),
epidote, * chlorite, = actinolite. The mineral association of the mafic rocks (in the
type section) is albite, biotite, chlorite, actinolite, epidote, * calcite, = quartz.

3.4.2. THE LOWER GRADE PART

The formations in the Storfjéllet Nappe Complex lying above the Metartjdrnen Forma-
tion belong to the lower or middle greenschist facies. The lowermost part of the
Jofjillet Calcareous Phyllite, the Rovattnet Formation and the Brackfjillet Greenstone,
belong to the quartz-albite-epidote-biotite subfacies, while the other formations, which
dominate the Jofjillet area, belong to the quartz-albite-muscovite-chlorite subfacies.
The mineral association of the calcareous rocks is quartz, albite, muscovite (one
sample also with paragonite), carbonate (ankerite and calci.e), chlorite, * biotite,
biotite being present only in the lowermost part of the Jofjillet Calcareous Phyllite
(Fig. 8). The more pelitic rocks contain quartz, albite, muscovite (occasionally also
paragonite), chlorite, carbonate, *+ biotite, biotite being present in the pelitic rocks at
higher tectonic levels; the carbonate is dominantly ankerite. The Tjater Phyllite in the
southern part of Jofjillet contains siderite porphyroblasts whereas the carbonate in the
same formation at higher tectonic levels is mainly calcite and ankerite. The mineral
association of the felsic rocks of the Seinesbacken Volcanite (Fig. 10) is quartz, albite,
muscovite (paragonite is common), * chlorite, * epidote, + carbonate (ankerite and
subordinate calcite), = chloritoid, + magnetite. The mafic volcanites of the Ruffe and
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Fig. 20. P-T diagram showing metamorphic facics (Winkler 1967) and some important isograds. The shaded arca indicates the inferred metamorphic

conditions in the Jofjillet area during the peak of metamorphism (for further explanation sce Fig. 19 and text).
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Brackfjillet Greenstones consist of albite, chlorite, * epidote, *tremolitic am-
phibole, + muscovite, + quartz, * calcite, + biotite; biotite being present only in the
Brackfjillet Greenstone (Figs. 14 and 17).

According to Fig. 19 the Rovattnet Formation belongs entirely to the quartz-albite-
epidote-biotite subfacies. This picture is somewhat oversimplified; in reality all three
subfacies of the greenschist facies — often close to each another — are represented.
Stilpnomelane, which is rather abundant in some areas is, according to Winkler
(1967), restricted to the low greenschist facies. In the Rovattnet Formation, however,
it occurs together with biotite! which, like stilpnomelane, is post-tectonic (see later
discussion). Chloritoid and paragonite, which are quite common in the Seinesbiacken
Volcanite, are characteristic minerals for the greenschist facies but cannot be used to
pigeon the formation into a special subfacies (Winkler 1967).

Hutchison and Scott (1980) have determined pressure values using sphalerites
encapsulated in pyrite from the massive sulphide deposit at Tjater, which is hosted by
the Tjater Phyllite. The inferred pressure is 4.8 kbar and probably coincides with the
temperature peak during the regional metamorphism. The value of 4.8 kbar cor-
responds to a crustal depth of 18 km (Fig. 20) assuming Pf (pressure of any fluid
phase) = P, (load pressure). This depth, which is a maximum value, corresponds to a
geothermal gradient of 23°C/km if the temperature of metamorphism is around 410°C
(lower greenschist facies according to Winkler 1967). This indicates that the
metamorphism is of the medium-pressure or Barrovian type (Miyashiro 1973). The
load pressure, which relates to the real depth of burial, may be considerably less than
the total pressure corresponding to a depth of 18 km, fluid overpressure and directed
pressure possibly contributing to the total pressure. Consequently the thickness of the
rock pile above the Tjater Phyllite during the peak of metamorphism may have been
less than 18 km and, thus, the value of the geothermal gradient correspondingly higher
than 23°C/km. Considering this problem a gradient of 30°C/km has been arbitrarily
drawn in Fig. 20, which corresponds to a depth of 15 km for the Tjater Phyllite during
the peak of metamorphism.

A special investigation of the carbonate-bearing rocks in the lower grade Storfjéllet
Nappe Complex has been carried out, samples having been taken from the bottom of
the Jofjillet Calcareous Phyllite through the Tjater Phyllite into the Seinesbiacken
Volcanite. The chemical composition of the different rocks with respect to Ca, Fe and
Mg has been plotted on Fig. 21. On the same diagram the chemical composition of the
constituent minerals with respect to Ca, Fe and Mg corresponding to each of these
rock samples has been plotted. In the table below there is a semiquantitative estima-
tion of these minerals in volume percent. The order of the rock samples in the table
corresponds roughly to their stratigraphic position. It is of importance to bear in mind

! Winkler — referring to Chatterjee (1966) — notes that phyllosilicates appearing like brown biotite in
association with stilpnomelane have been demonstrated to be oxidized iron-rich chlorite. In this case.
however, x-ray studies have shown that the mineral is indeed biotite.
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that metamorphic grade decreases upwards from the base of the Jofjillet Calcareous
Phyllite.

According to Fig. 21 the carbonate minerals are totally dominated by calcite at
higher metamorphic facies (1.2=quartz-albite-epidote-biotite subfacies). However, a
minor amount of pure dolomite is also present. At lower metamorphic grade
(1.1=quartz-albite-epidote-chlorite subfacies), dolomite-ankerite becomes stable and
calcite decreases accordingly. According to Fig. 21, the Mg component of the calcite
tends to increase slightly towards lower metamorphic grade. The diagram also seems
to indicate that the Fe content of the ankerite increases with decreasing metamorphic
grade. However, whole rock composition is also important here. For example, when
the bulk composition of the rock is Fe-Mg-rich (large squares in Fig. 21), Mg-rich
siderite (small squares, labelled siderite) is present as porphyroblasts (mestisite). In
this case the Fe content of the coexisting ankerite is lower, although the metamorphic
grade is probably still decreasing. This investigation shows therefore that the composi-
tion of the carbonate minerals is influenced by the metamorphic grade.

In general the chlorites have high Al and Fe contents, making them ripodolitic. The
accuracy of the chlorite x-ray analyses has been checked by a limited number of
electron microprobe analyses. According to the triangular diagram in Fig. 21, the
Fe/Mg ratio in the chlorites appears to depend on the composition of the coexisting
carbonates. When siderite is present the coexisting chlorite is relatively poor in Fe.
When enough CO, is present at lower metamorphic facies, Fe and Mg are preferen-
tially incorporated into carbonate minerals and the composition of the chlorite then
depends on which of the two ions is in excess after the formation of the carbonate
minerals. As Fe content in ankerite increases with decreasing metamorphic grade, so
the Fe content in coexisting chlorite appears possibly to decrease.

3.4.3. SKINNFALLTRASKET MYLONITE
The rocks of the Skinnfilltrasket Mylonite belong to the greenschist facies. All three
subfacies are represented but in general the metamorphism is in the quartz-albite-epi-
dote-biotite subfacies or in the quartz-albite-epidote-almandine subfacies. The mineral
association includes quartz, albite, muscovite, = microcline, + calcite, = chlorite, =
biotite, *+ garnet.

Fig. 21. Triangular diagram showing the distribution of Ca, Fe and Mg in carbonate-bearing rocks from
the Jofjallet area (large symbols). The whole rock chemical analyses were performed at SGU by optical
emission spectrography on crude powder (Danielsson 1967). It also shows the distribution of Ca, Fe and
Mg in the minerals in these rocks (small symbols). The analyses were carried out by x-ray diffraction
(Luled) and checked by electron probe (for performance data see text to Fig. 12). The symbols not named
on the Fe-Mg line represent chlorite. The position of the biotite on that line is not accurately determined.
The table shows a semiquantitative estimation of the minerals in volume per cent for each rock sample
(microscopic estimation checked with point counting). For the interpretation of the data see text.
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3.5. CONCLUSIONS

The metamorphic grade variation shows a consistent pattern throughout the different
nappe units in the Jofjillet area. The metamorphic grade increases from the Bjorkvatt-
net Nappe through the Laxfjillet Nappe and culminates in the lower part of the
Storfjillet Nappe Complex (Metartjarnen Formation). This involves an increase in
grade from the low to the high greenschist facies. Upwards from the Metartjirnen
Formation there is a continuous decrease in metamorphic grade to low greenschist
facies in the middle part of the Storfjillet Nappe Complex. In the upper part of this
nappe unit the metamorphic grade increases again and culminates in high greenschist
facies (Skinnfilltrisket Mylonite).

4. DEFORMATION AND METAMORPHISM-DEFORMATION
RELATIONSHIPS

4.1. OPENING REMARKS

As discussed earlier, the rock sequence in the Jofjéllet area can be divided into three
nappe units. This chapter is concerned with the large scale internal structures in the
Storfjéllet Nappe Complex and the mesostructures, microstructures and metamorph-
ism-deformation relationships in the whole area.

4.2. MEGASCOPIC STRUCTURES WITHIN THE STORFJALLET
NAPPE COMPLEX

The distinctive lithological sequence consisting in order from bottom to top of calcare-
ous phyllite, graphitic and carbonatic pelitic phyllite, mixed volcanites and graphitic
quartz phyllite, characterizes the southern part of the Jofjillet area. These lithological
units have earlier been referred to as Jofjillet Calcareous Phyllite, Tjater Phyllite,
Seinesbicken Volcanite and Rikarsjon Phyllite respectively.

Careful study of other calcareous phyllite and mixed volcanite rocks occurring at
structurally higher levels in the lower grade part of the Storfjallet Nappe Complex
suggests that they are the same stratigraphic level. Thus, the existence of several fold
and thrust repetitions of lithological units within the Storfjallet Nappe Complex is
inferred. The interpretation of these internal megascopic structures is shown on the
formation map and in the sections (Plate 1). According to this interpretation the
investigated sulphide deposits in the Jofjillet area — Tjater, Storbacksdalen and Rikar-
backen — occur at two different tectonic levels, but probably at the same stratigraphic
level.

The complex outcrop pattern in the central and western part of the area may now be
clarified. The outcrop pattern is largely controlled by early, large, isoclinal folds,
overturned to the south and east respectively, with important thrusts along their limbs.
This picture is complicated by imbrication of some of the units and modified by the
late E-W synformal fold phase. The localization of thrust planes shown on the map is
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Fig. 22. A deep valley marks the tectonic contact between Tjater Phyllite (to the left) and overlying Ruffe
Greenstone (24E 9-j. looking north-westwards into Norway).

to some extent inferred from theoretical considerations i.e. the repetition of the same
stratigraphic sequence at higher structural levels. However, direct field evidence for
such tectonic contacts is also present and are now described.

The thrust immediately north of lake Rikarsjén can be followed westwards towards
Gierdetjakke as a rather narrow zone of mylonitic rocks. West of Gierdetjakke towards
the international border with Norway this zone of highly deformed rocks becomes
broader and more diffuse. The continuation of the thrust east of Rikarsjon is less
certain but is thought to lie along the topographic lineament marked by the lakes
situated to the north-east of Rikarsjon. No mylonites have been found here but the
rocks are often rather phyllonitic and show much quartz veining. Many of the rocks on
the islands in northern Tiangvattnet show signs of intense deformation; movement
along the same thrust level is inferred.

Thrusts are also inferred in association with the broad zone of highly deformed,
often mylonitic rocks, that can be followed from the Norwegian border via lake
Stuoresjaure to Tangvattnet. A branch of this tectonic zone can be traced from lake
Filpojaure via Uttje Filpo towards the north-west. This thrust plane forms the sole of
the imbricated calcareous phyllites in this area.

From Stuore Tjakke to the Norwegian border a deep valley marks the contact
between the Ruffe Greenstone and the underlying Tjater Phyllite (Fig.22). Breccia-
tion, abundant quartz veins and occurrence of mylonitic rocks indicate strong differen-
tial movements along this contact. The northern continuation of the contact between
the Ruffe Greenstone and the Tjater Phyllite is, however, not so apparently tectonic in
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all places. The Rovattnet Formation is intensely deformed especially in its lower and
upper parts. There are abundant mylonitic rocks with which stilpnomelane is often
associated.

As stated earlier, these early folds and thrusts as well as the basal thrust of the
Storfjillet Nappe Complex are folded by the late, open Jofjillet Synform. This
structure plunges approximately N75W/10 and has an axial surface approximately
N75W/85S. All these structures are modified by late N-S trending flexures.

4.3. MESOSCOPIC STRUCTURES - FOLDS

4.3.1. PRELIMINARY REMARKS

Polyphase deformation has been recognized in each of the tectonic units, including the
Metartjarnen Formation, within the Jofjallet area.

The most important structures which formed during the different deformation phases
— folds and foliations — are listed for each tectonic unit below.

Skinnfalltrasket Mylonite

(Storfjallet Nappe Complex) — composite foliation, F;Wl o2 F;Nl
Lower grade Storfjallet Nappe Complex - S§,F, S;Fs, W + FN, Fikink
Higher grade Storfjallet Nappe Complex - composite foliation, F, F;W + F;N
Laxfjéllet Nappe — composite foliation, Fs, F;W + F3N, Fukink
Bjorkvattnet Nappe - SF,. S,F>, FW + EN, Faikink

This section is concerned with the fold structures, while the foliation development is
discussed in the following section.

Since the lower grade part of the Storfjéllet Nappe Complex is by far the largest unit
and hosts the base metal mineral deposits, emphasis is placed on this unit. However,
the mesoscopic structures are described for each unit in the tectonic order from bottom
to top.

4.3.2. BIORKVATTNET NAPPE

In the Bjorkvattnet Nappe four deformation phases have been recognized. Isoclinal
folds with a penetrative phyllitic cleavage (F|) as axial surface structure and tight to
isoclinal folds with a crenulation cleavage as axial surface foliation (F2) make up the
early deformation phases; the F folds have only been found near to the contact with
the Laxfjillet Nappe. Open to rather tight folds with steep axial surfaces and with
variable (NE-W) fold axis orientation are numerous (F3). Minor late kink folds with
subhorizontal axial surfaces have also been noted (F4). Both F3 and F4 occasionally
have a weak crenulation cleavage as axial surface foliation.

! F; is characteristically composed of two sets of almost perpendicular fold axes trending approximately
E-W and N-S respectively.
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4.3.3. LAXFJALLET NAPPE
An intense, complex and composite foliation dominates the early mesoscopic
structures (S1+2).
Three different types of folds have been noted:

1. Minor tight to isoclinal folds with a crenulation cleavage (S7) as axial surface
foliation (F?).

Common, open to tight folds with steep axial surfaces and with variable fold axis
orientation (F3).

3. Late kink folds (Fy).

o

4.3.4. THE HIGHER GRADE PART OF THE STORFJALLET NAPPE COMPLEX
(METARTJARNEN FORMATION)
An intense, complex and composite foliation characterizes the early structures in the
Metartjarnen Formation (S| +2).

Only two different fold types have been identified in the Metartjarnen Formation.
The older type characteristically consists of quartz segregations which have been
deformed into tight to isoclinal folds with a reclined attitude. These folds are often
ruptured along their limbs so only the hinges of the folds are intact. The axial surface
foliation of these folds is the main schistosity of the Metartjarnen Formation (S| +2).
For this reason these folds are referred to as F2. The younger fold type has an open to
gentle fold style with upright axial surfaces and variable (often NE-W) fold axis
orientation (F3). A crenulation cleavage (S3) often forms an axial surface foliation.

4.3.5. THE LOWER GRADE PART OF THE STORFIALLET NAPPE COMPLEX
4.3.5.1. Early structures

The early folds, belonging to deformation phases D| and D2, are difficult to discrimi-
nate from each other in the field. The style and orientation of these early folds are quite
similar. The principal difference is the character of their axial surface foliation. F)
structures have a penetrative phyllitic cleavage as axial surface foliation, whereas Fp
structures show a variably differentiated crenulation cleavage. No clear refolding
relationship between F| and F2 has been observed on the mesoscopic scale, but in the
hinges of the F7 folds the relict axial surface foliation (S ) of F| can often be identified
microscopically.

Fp folds are rare, having only been recognized with confidence in the Jofjillet
Calcareous Phyllite (Fig. 23). The fold style is isoclinal, often with well developed
parasitic folds. They belong to class 2 and 3 according to the fold classification of
Ramsay (1967, p. 368) and have a phyllitic cleavage (S1) as axial surface structure.
Fig. 24b shows that the F| folds have rather flat-lying axial surfaces and variable fold
axes, possibly with a concentration towards north-west. F| folds have a tendency to be
reclined.
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Fig. 23. Tight fold, inferred to belong to F| fold phase, in Jofjallet Calcareous Phyllite (24F 9-d).

F> folds occur most frequently in quartz-rich rocks in the vicinity of shear zones: F2
have not been recognized in the eastern part of the Jofjallet Calcarcous Phyllite. The
fold style is, in general, tight to isoclinal but more open folds may occur in very
competent rocks (Fig. 25a). Both symmetrical and asymmetrical folds are present.
The hinges of the folds are thicker than the limbs, the folds belonging to classes 1C, 2
and 3 in Ramsay’s (1967) classification. The axial surface foliation is developed as a
penetrative crenulation cleavage in mica-rich layers and as a differentiated layering in
quartz-rich layers. The Fp folds also appear as intrafolial folds (Fig. 25b) and locally
the S foliation is deformed in late D shear zones as shown in Fig. 25c.

Fig. 26a shows that the F; folds have rather flat-lying axial surfaces (around 30° to
the north). Many of the poles to the axial surfaces appear to fall along a great circle on
the stereographic net. The constructed fold axis to this great circle coincides approxi-
mately with the F3N axis (Fig. 24a). The orientation of the F2 fold axes shows a
considerable spread, but with some concentration to the north (Fig. 26b) i.c. the axes
are often reclined. It should be noted that the majority of the measured F> elements
come from the southern limb of the late Jofjallet Synform and especially from the
Tjater Phyllite, i.e. the ore-bearing formation. A quartz mineral lineation (L) shows
a distinctly more E-W trend (Figs. 25d, 26c) when compared with the Fy and F; fold
axis.
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Fig. 24. Stereogram showing tectonic elements from Dj and D) deformation (most of the elements are
coming from the lower grade Storfjallet Nappe Complex).

a: Poles to the main foliation (Sy or Sp) in the Jofjallet area. Deduced foldaxes (F3W and F3N) are
plotted and the inferred axial surface of the Jofjallet Synform (---) is also drawn.

b: Poles to axial surfaces of F| folds (x) and F) fold axes (e).
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Fig. 25. D structures.

a: Close F; fold in a very competent quartz-rich rock in Tjater Phyllite (24F 9-a).

b: Isoclinal intrafolial Fy folds in Vistansjo Phyllitic Quartzite in the vicinity of the thrust contact to the
overlying Laxfjillet Nappe. The folds are extremely transposed and attenuated (24F 9-d).
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c: Pronounced metamorphic layering (S2), defined by thick quartz- and thin mica-rich layers. Locally, e.g.
left of the pencil, an earlier foliation can be seen. Late D7 shear zones are also an impressive element in the
picture (Tjater Phyllite, 24F 9-a).

d: Ly lineation and J3 joints in mylonitic rocks in Rovattnet Formation. The lineation is mainly a quartz
mineral lineation, which is inferred to indicate the direction of the nappe translation during Dy (25E 0-j, the
pencil is pointing to the north).
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&

Fig. 26. Stereogram showing tectonic elements from Dy deformation (most of the elements are coming
from the lower grade Storfjillet Nappe Complex).

a: Poles to axial surfaces of F7 folds.

b: F3 fold axes.

c: Ly lineation.

4.3.5.2. Late structures

The late folds belong to deformation phase D3. They may be divided into two groups
with E-W and N-S fold axis. There are locally late kink folds with variable fold axis

orientation belonging to deformation phase Dy4.
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In particular cases it can be demonstrated that these structures deform the early folds
and their axial surface foliations. However, the age relationship between the late folds
themselves is often difficult to establish. It is inferred that the two fold sets were more
or less simultaneous in large parts of the Jofjallet area. The east-west orientated folds
are here designated as F3W and the north-south folds as F3N. The kink folds are
labelled F4kink. Although they probably formed close in time to the other folds, they
are apparently very late in the total structural development (Fig. 27b).

The F3W folds are very common and are present in all the formations of the lower
grade part of the Storfjillet Nappe Complex. Fig. 28a shows that the F3W folds have
rather steep axial surfaces with E-W strike. The subhorizontal fold axes also show an
E-W trend (Fig. 28b). This direction deviates, however, somewhat from the direction
of the axial surface trace to the Jofjallet Synform and from the constructed fold axis
deduced from the poles to the main folation (Fig. 24a); they give an approximate value
N75°W and N75°W/10° respectively. This deviation depends partly on data bias since a
large part of the measurements come from restricted areas around the mineral deposits.

The F3N folds are also very common and the fold style is the same as for the F3W
folds (Figs. 27a, b). A dome and basin pattern developed on different scales occurs
when the F3N folds interfere with the F3W folds. Fig. 28c shows that the F3N folds
often have steep axial surfaces with a N-S strike. Fold axis orientations lie in a sector
to the north or the south dependent on their localization within the E-W Jofjallet
Synform (Fig. 28d). The constructed F3N fold axis, which is deduced from the poles
to the main foliation in the Jofjillet area, has an approximate value N-S/26N (Fig.
24a).

Steep joint surfaces with N-S strike are common in some areas (Figs. 25d, 28c¢);
they are typically localized in F3N antiforms (Fig. 27a). In some cases minor faults
have occurred along these surfaces. A more important fault is indicated on the
geological map | km south-west of Stuoresjaure (24E 9-j). Whether the joints are syn-
or post-F3 is not clear from field evidence, but it is possible they have formed in
connection with the F3N folding as AB-joints.

F4 kink folds occur only locally and are then present in steeper parts of the large
E-W Jofjillet Synform. The kink folds have subhorizontal axial surfaces and varying
fold axis orientation (Fig. 27¢). Occasionally a spaced crenulation cleavage is present
as an axial surface foliation (Fig. 27b).

4.3.6. SKINNFALLTRASKET MYLONITE (STORFJALLET NAPPE COMPLEX)

The structures in this unit have not been studied in any detail; however both early
reclined isoclinal folds and late upright more open folds have been noted.
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Fig. 27. Late tectonic (D3 and Dy) structures.

a: Open to gentle F3™ folds in rather quartz-rich rocks in Tjater Phyllite. Note the N-S joint surfaces
which are typically.localized in the F3N antiforms (24F 9-a).

b: Rather tight F3N fold refolded by F4 kink fold. The F3N fold has an upright crenulation cleavage as axial
surface foliation, while the Fj4 fold has a subhorizontal crenulation cleavage (Jofjallet Calcareous Phyllite,
24F 9-d).
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c: F4 kink fold with subhorizontal axial surface in Jofjallet Calcareous Phyllite (24F 9-d).

4.4. MESOSCOPIC STRUCTURES - FOLIATIONS
4.4.1. OPENING REMARKS

The main foliation in the Jofjallet area is composed of one or two foliations whose
relative development varies throughout the area (Fig. 29). The following foliations
have been noted in each of the tectonic units and are discussed in more detail below.
Foliation terminology used in the discussion is according to Hobbs et al. (1976).

Skinnfalltrasket Mylonite (Storfjillet Nappe Complex) - (Siso) 85 (So)
Lower grade Storfjallet Nappe Complex;
Remaining formations = Sit2, Sz (S3), (Se)
Jofjallet Calcareous Phyllite - S, (S3), (S4)
Laxfjillet Nappe = Si+2, Sz (S3), (S4)
Bjorkvattnet Nappe = S1, (Si42), (82), (S3), (Sa)

! Bracket means that the foliation is present only locally.

Higher grade Storfjillet Nappe Complex - Sipas 255 183)
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Fig. 28. Stereogram showing tectonic elements from D3 deformation (most of the elements are coming
from the lower grade Storfjéllet Nappe Complex).

a: Poles to axial surfaces of F3W folds (x) and J3w joints ().

b: F3W fold axes.

c: Poles to axial surfaces of F3N folds (x) and J3N joints (w).

d: F3N fold axes.

4.4.2. BIORKVATTNET NAPPE
4.4.2.1. Early foliations

S| is the dominant foliation in the Bjorkvattnet Nappe, especially in its eastern part.
The morphology of the S| foliation depends mainly on lithology. In pelitic phyllites,
which are, however, quite rare, S| is developed as a slaty cleavage, while in more
quartz-rich phyllites and volcanites a phyllitic cleavage to metamorphic layering is
present (Fig. 30c). In quartz-dominated phyllites (mica < 10 %) the micas are largely
oriented along the boundaries of the quartz grains, thus defining a diffuse, anastomos-

ing foliation (Fig. 30a).
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Fig. 30. Various foliation types in relation to S|, Sp, S3 and lithology in the Jofjallet area.

a: Phyllosilicate-poor rock in Vistansjo Phyllitic Quartzite with the micas orientated along the boundaries of
the quartz grains, thus defining a diffuse, anastomosing foliation, probably S;. (Bjérkvattnet Nappe, 24F
9-d, uncrossed nicols.)

b: Phyllitic cleavage (S1) in calcareous phyllite. (Jofjallet Calcareous Phyllite in lower grade Storfjallet
Nappe Complex. 24F 9-d, uncrossed nicols.)
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c: Phyllitic cleavage (S1?) in a quartz-rich phyllite. (Vastansjo Phyllitic Quartzite in Bjorkvattnet Nappe,
24F 9-d, crossed nicols.)

d: Slaty cleavage (Sp) in pelitic phyllite. (Rikarsjon Phyllite in lower grade Storfjallet Nappe Complex, 24F
9-a, crossed nicols.)
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e: Slaty cleavage (S) in greenschist. Amphibole and chlorite are the foliation-forming minerals. (Skélvatt-
net Volcanite in Bjoérkvattnet Nappe, 24E 9-j, uncrossed nicols.)

f: Crenulation cleavage (S7) in a pelitic quartz phyllite. (Tjater Phyllite in lower grade Storfjéllet Nappe
Complex, 24F 9-c, crossed nicols.)



CALEDONIAN GEOLOGY OF THE JOFJALLET AREA 65

g: Metamorphic layering (Sp) and a F3N fold in a schistose quartz phyllite. (Metartjirnen Formation in
higher grade Storfjallet Nappe Complex, 24F 8-d, crossed nicols.)

h: ""Mylonitic™* foliation (S3) with isoclinally folded quartz veins in a graphite-bearing rock, deminated by
recrystallized quartz. (Tjdter Phyllite in lower grade Storfjillet Nappe Complex, 24F 9-a, crossed nicols.)
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i: Crenulation fold and cleavage (F3 and S3) deform the main foliation (S) in a quartz phyllite. (Tjater
Phyllite in lower grade Storfjillet Nappe Complex, 25E 1-j, crossed nicols.)

The S7 foliation is mainly localized in the western and upper part of the Bjorkvattnet
Nappe. In more quartz-rich phyllites and quartz-dominated phyllites S7 is generally
present as a strong metamorphic layering; however relics of S| may be recognized
(S1+2). In mafic volcanites a slaty cleavage may be present (Fig. 30e).

4.4.2.2. Late foliations
An S3 foliation, which is weak and only locally present, is developed as a spaced
crenulation cleavage parallel to the axial surfaces of more close folds. S4 occurs very
locally; it is a spaced crenulation cleavage along the axial surface of certain kink folds.

4.4.3. LAXFJALLET NAPPE

The Laxfjillet Nappe is characterized by a strong metamorphic layering, interpreted as
S2. In the calcareous phyllite unit occasional relics of an earlier foliation (S]) can be
identified, which makes the main foliation complex and composite. S3 and S4 are
present locally as a spaced crenulation cleavage.

4.4.4. THE HIGHER GRADE PART OF THE STORFJALLET NAPPE COMPLEX

The main foliation in the schists of the Metartjarnen Formation is generally developed
as a strong metamorphic layering (Fig. 30g), often more or less phyllonitic in
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appearance. The main foliation, which is tentatively interpreted as S, wraps around
garnet porphyroblasts with oblique inclusion trails (see later discussion), while occa-
sionally there occur micas oblique to the metamorphic layering. These pre-S7 textures
may represent different foliation generations and are, thus, referred to as Sy and S b
respectively.

An S3 foliation, which is locally present, is developed as a crenulation cleavage.

4.4.5. THE LOWER GRADE PART OF THE STORFJALLET NAPPE COMPLEX
4.4.5.1. Early foliations

In the Jofjéllet Calcareous Phyllite, particularly in the eastern part of the area, the main
foliation is a phyllitic cleavage and is interpreted as S| (Fig. 30b). Elsewhere Si
occurs as relics in the form of transposed layers, oblique micas or as inclusions in
porphyroblasts and has been thoroughly transposed together with bedding (Sg) into S0
the main foliation being a complex transposition foliation (S to S1+2). The formation
of S is believed to be related to strong differential movements at different levels
within the rock pile.

The character of the Sy foliation varies greatly with lithology. In pelitic phyllites it is
developed as a slaty cleavage (Fig. 30d), and is thus difficult to discriminate from S 1=
In more quartz-rich phyllites and in tuffs and tuffites, S is often developed as a
pronounced metamorphic layering and the earlier phyllitic cleavage is completely
transposed. Relics of S} may, however, be present at micas obliquely orientated to the
S2 layering. In fold hinges and in pressure shadows of porphyroblasts, an Sy crenula-
tion cleavage is often present (Figs. 30f, 33f). Quartz-dominated phyllites (mica<10
%) have a strong metamorphic layering or mylonitic foliation interpreted as Sy, relics
of S1 being difficult to identify.

The more massive igneous rocks are locally foliated, the main foliation being
probably S7; however, apart from peripheral zones and local shear zones, S2 is weak
and developed as a rudimentary crenulation cleavage. A relict subophitic texture is
common in the more central parts of the bodies where S| may also be recognized.
Transposition of D] quartz veins also occurred during D2, while phyllonites and
mylonites were formed from phyllites in D7 shear zones (Fig. 30h).

4.4.5.2 Late foliations

S3-is present in restricted areas in the lower grade Storfjillet Nappe Complex,
especially its eastern part. The foliation is developed as a spaced crenulation cleavage
parallel to the axial surfaces of more close F3 folds (Fig. 30i). Only seldom it is
sufficiently well developed to become the main foliation. S3 is best developed in
pelitic phyllites.

S4 occurs very locally. It is present as a spaced crenulation cleavage along the axial
surfaces of certain kink folds (Fig. 27b).
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4.4.6. SKINNFALLTRASKET MYLONITE (STORFJALLET NAPPE COMPLEX)
The mylonitic rocks of this formation show an intense, penetrative foliation, in-
terpreted as S7. Relics of an earlier foliation (S1) are locally present.

4.5. MINERAL GROWTH AND RELATIONSHIP TO FOLIATION
4.5.1.0PENING REMARKS
In order to investigate the relationship between metamorphism and deformation,
porphyroblasts of different species have been studied. Minerals specific to a particular
tectonic unit are discussed first and described in the order of tectono-stratigraphy, from
bottom to top. Minerals present in all nappe units are briefly discussed in a later
section.

4.5.2. BIORKVATTNET NAPPE
4.5.2.1. Biotite
Fine-grained biotite is locally present in the Bjorkvattnet Nappe. The biotite is pre- and
syn-D1, with perhaps some post-D| recrystallization.

4.5.2.2. Amphibole

Amphibole (mainly actinolite) is restricted to the western extension of the Skilvattnet
Volcanite. It is normally fine-grained but sometimes large (2-3 mm) poikiloblasts
occur. The fine-grained type is euhedral to subhedral, poor in inclusions and more or
less deformed (Fig. 30e), being pre-D. The coarse-grained type is euhedral and rich
in inclusions which are often up to 0.1-0.2 mm (Fig. 32b). Inclusion species involve
quartz, epidote and calcite, but white mica and chlorite are also present. Occasionally
the amphibole porphyroblasts are zoned. They are seldom enveloped by the Sp
foliation, the amphibole porphyroblasts appearing mostly to be post-D2 but pre-D3.

4.5.3. LAXFJALLET NAPPE
4.5.3.1. Garnet
Garnet is restricted to the Joestrom Quartz-Keratophyre. The garnet is subhedral to

anhedral with randomly orientated inclusions. It is often more or less chloritized. The
garnet is older than the main foliation.

4.5.3.2. Biotite
Fine-grained biotite is rather common in the different lithologies of the Laxfjallet
Nappe. The biotite seems to have been formed prior to and possibly also during the
main foliation.
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4.5.3.3. Amphibole

Amphibole (actinolite) is restricted to the metagabbros of the Jovattnet Calcareous
Phyllite and is mostly subhedral. In the cores of the metagabbros it has a rather random
orientation but seems to be recrystallized to actinolite and weakly deformed. In the
outer parts of the metagabbros the amphibole is more fine-grained and makes a
considerable contribution to the main foliation. During this deformation (D) the
amphibole was probably rotated and recrystallized. The amphibole has crystallized
prior to and during the main foliation.

4.5.4. THE HIGHER GRADE PART OF THE STORFJALLET NAPPE COMPLEX
4.5.4.1. Garnet

Garnet is a common and characteristic mineral in the Metartjarnen Formation, where
the main foliation has tentatively been interpreted as S or S| 4+2. As stated earlier the
pre-D2 history of the Metartjarnen Formation is unclear, there possibly being more
than one foliation represented. Following earlier nomenclature, the inclusion trails
within the garnet porphyroblasts are referred to as S|4. Four types of garnet have been
recognized and their relation to the foliations interpreted as follows:

Type 1 — anhedral to subhedral garnets containing inclusions without any preferred
orientation. The size of the inclusions is smaller than the minerals outside the garnet.
The main foliation sweeps around the garnet, which often show fracturing; type 1 1s
very common (Fig. 31a).

Type 2 — anhedral garnets with numerous *’inclusions’” without any preferred orienta-
tion and often larger than the minerals outside the garnet (fish-net garnet). The main
foliation envelops this type which is uncommon (Fig. 31b). The shape of the “inclu-
sions’’ may indicate that they were less deformed than the grains outside the garnet
during the D2 deformation; i.e. the *’inclusions’ were ’protected’’ by the garnet,
which hence existed prior to the Dy deformation.

Types | and 2 are interpreted as being pre-Sp, but with uncertain time relation to S 5.

Type 3 — anhedral to subhedral garnets containing inclusions that show a distinct
preferred orientation. The external foliation which deflects around these garnets is
discordant to the trace of the foliation within the garnets. Furthermore, the size of the
inclusions (0.05-0.1 mm) is smaller than the minerals outside the garnet, but in
general they seem to be somewhat larger than the inclusions in the garnets of type 1.
Type 3 is quite common (Fig. 31c¢). This type is interpreted as being pre-So and
probably post-""S |,

Type 4 — small euhedral garnets without inclusions that transect the main foliation; this
type has only been found in quartz-keratophyres in the western extension of the
Metartjarnen Formation and is quite rare. They are believed to be later than the main
foliation (S?).
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Fig. 31. Garnet porphyroblasts and their relationship to foliation.

a: Anhedral garnets with small inclusions without any preferred orientation (type 1). They are enveloped by
the main foliation (Sp), which here is phyllonitic in character. The garnets are pre-S, but with uncertain
relation to ”’Sq”. (Metartjarnen Formation in higher grade Storfjillet Nappe Complex, 24F 9-b, crossed
nicols.)

b: Anhedral garnet with numerous large *’inclusions’’ without any preferred orientation (fish-net garnet,
type 2) and enveloped by the main foliation (S7). The garnet is pre-S7, but with uncertain relation to *’S ™.
(Metartjarnen formation in higher grade Storfjallet Nappe Complex, 24F 9-d, crossed nicols.)
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c¢: Anhedral-subhedral garnets with inclusion trails that are discordant to the enveloping external foliation,
which is Sy (type 3). The garnets are pre-Sp and probably post-’S|"". (Metartjarnen formation in higher
grade Storfjillet Nappe Complex, 24E 9-j, uncrossed nicols.)

d: Subhedral garnets with a radial and locally also concentric pattern of inclusions. The garnets are thought
to be pre-Dj. (Rikarsjon Phyllite in lower grade Storfjillet Nappe Complex, 24F 9-a, crossed nicols.)
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e: Euhedral garnet with inclusions showing a faint preferred orientation and a rim without inclusions. The
garnet seems to have formed pre-Dy but recrystallized post-Dj. (Rovattnet Formation in lower grade
Storfjallet Nappe Complex, 25E 0-j, crossed nicols.)

f: Retrogressed euhedral garnet with a helicitic S7 texture. The garnet is post-D7. (Skinnfalltrasket Mylonite
in Storfjallet Nappe Complex, 25E 0-j, uncrossed nicols.)
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4.5.4.2. Biotite
Fine-grained biotite is common in the Metartjarnen Formation. Most of the biotite lies
in the main foliation (S2) but some occurs oblique to this structure and appears to
represent relics of an earlier surface (Syp). It is concluded likely that the biotite has
largely rotated from this early orientation into the new main foliation, the process
being accompanied by variable amounts of recrystallization. Accordingly the biotite is
interpreted to have been developed prior to and simultaneously with the main foliation.

4.5.4.3. Amphibole
Amphibole is present in mafic volcanites but also in some calcareous phyllites. In the
mafic volcanites it is fine-grained (0.2 mm) and subhedral or anhedral-poikiloblastic,
while in the calcareous phyllites it is always anhedral-poikiloblastic. The amphibole
has been formed prior to the main foliation.

4.5.5. THE LOWER GRADE PART OF THE STORFJALLET NAPPE COMPLEX
4.5.5.1. Garnet

Garnet is rare in the lower grade part of the Storfjillet Nappe Complex. Abundant
garnet is present at only one locality in the Rikarsjon Phyllite. At this locality the
garnets are anhedral to subhedral and many are characterized by a radial and occasion-
ally also a concentric pattern of carbonate inclusions (Fig. 31d); the garnets are
pre-Dj.

Some mylonitic rocks in the Rovattnet Formation contain euhedral garnets with
inclusions showing a rather weak preferred orientation (Fig. 31e). The garnets seem to
have formed before D3, but recrystallized afterwards.

4.5.5.2. Biotite

Biotite seldom occurs as larger porphyroblasts. It is present in smaller quantities in the
lower part of the Jofjillet Calcareous Phyllite, where the main foliation is Sy, and is
here pre- and syn-Dj. In the Rikarsjon Phyllite a sample from a tuffite with biotite
porphyroblasts has been examined (Fig. 32a). Here the biotite has evidently been
formed prior to the main foliation (S2); however, the clearly irregular margins parallel
to the Sy foliation suggest that the Dy deformation effected dissolution of the biotite
porphyroblasts. In the Révattnet Formation and the Brackfjillet Greenstone biotite is
rather common. In the mylonitic rocks of the Rovattnet Formation the biotite is post-
Dy (Fig. 32d), while it seems to be pre-D7 in the Brackfjillet Greenstone.
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4.5.5.3. Amphibole
Amphibole (tremolitic) is present in the greenschists and greenstones in the lower
grade part of the Storfjallet Nappe Complex. The amphibole is usually fine-grained
(0.1-0.3 mm) but occasionally large (3 mm) poikiloblasts occur. Both types are
pre-Sp.

4.5.5.4. Chloritoid
Chloritoid porphyroblasts' are a characteristic feature of the Seinesbicken Volcanite
and are restricted to this formation. The porphyroblasts are often present as spherical

rosettes, apparently without any preferred orientation. The main foliation (S7) partly
envelops the chloritoid porphyroblasts which, however, have helicitic relics of the
same foliation (Fig. 32c¢). It is concluded that the chloritoid porphyroblasts started to
grow during D7 but most of their growth was accomplished after this deformation
phase, i.e. they are syn- to post-D7.

4.5.5.5. Stilpnomelane
Stilpnomelane porphyroblasts are quite common in certain parts of the Rovattnet
Formation, where they are associated with mylonitic rocks. The stilpnomelane needles
show a random planar orientation in the rock matrix and are clearly post-So, which is
the main foliation in this area (Fig. 32d).

4.5.5.6. Siderite

A characteristic feature of the Tjater Phyllite is the presence of abundant siderite
porphyroblasts. The main foliation in the Tjiter Phyllite — often developed as a
pronounced metamorphic layering interpreted as Sj+2 or Sy — sweeps around the
siderite porphyroblasts, thus clearly defining them as pre-Dy. The siderite
porphyroblasts are occasionally subhedral but mostly anhedral. They have few and
small inclusions (mainly quartz) which are rather evenly scattered throughout the
grains; occasionally, however, there is a core of quartz grains (Fig. 33a). In the
pressure shadows the porphyroblasts often have a rim of undeformed siderite totally
free from inclusions (e.g. Fig. 33b).

An often rather diffuse internal foliation in the porphyroblasts, mainly defined by
tiny graphite grains, is common (Fig. 33c). This internal foliation is crenulated by D»
(Fig. 33d) and in such cases a crenulation cleavage is developed in the porphyroblast
and often continues into the matrix outside the porphyroblast where it forms the main
foliation (S2) (Figs. 33d, 33e). The porphyroblast shown in Fig. 33f exhibits particu-
larly interesting features. In the pressure shadow of the porphyroblast the main

! Electron probe analyses (for performance data see text to Fig. 12) give the following formulae (the sum of
Fe- and Mg-values is taken as 1):

sample J75.74 (Feg 91 Mgp.09) Alj 94 Sij 08 Og.06 (H20 is missing)

sample J75.77 (Feg g8 Mggp.12) Al} 88 Sij.09 Og  (H2O is missing)
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Fig. 32. Various porphyroblast minerals and their relationship to foliation in the Jofjallet area.

a: Biotite porphyroblast which is earlier than the main foliation (S7), but also with some D dissolution
effects. Note relict S| in the foliation in the form of oblique micas. (Rikarsjon Phyllite in lower grade
Storfjéllet Nappe Complex, 24F 9-a, uncrossed nicols.)

b: Euhedral amphibole porphyroblasts, rich in inclusions apart from the rims. At least the rims have been
developed after the main foliation (S7). (Skalvattnet Volcanite in Bjorkvattnet Nappe, 24E 9-j, crossed
nicols.)
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c: Chloritoid porphyroblast with helicitic relics of the main foliation (S7). The porphyroblast in syn- to
post-D7. (Seinesbicken Volcanite in lower grade Storfjallet Nappe Complex, 24E 9-j, uncrossed nicols.)
d: Stilpnomelane (the needles) and biotite porphyroblasts in a mylonitic rock. They are later than the main
foliation (Sp). (Rovattnet Formation in lower grade Storfjallet Nappe Complex, 25E 0-j, uncrossed nicols.)
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e: llmenite laths which to a large part appear to be orientated along an older foliation (S}) but to some extent
also parallel to a younger foliation (S7). During the inferred rotation of the laths some of them appear to have
been ruptured by the D7 deformation. The growth of ilmenite is thus pre-D3. (Seinesbidcken Volcanite in
lower grade Storfjallet Nappe Complex. 24F 9-b, crossed nicols. )

f: Tourmaline (schorl) and rutile (needles). The tourmaline porphyroblasts transect the Sy foliation and
are thus post-D; here. (Seinesbacken Volcanite in lower grade Storfjillet Nappe Complex. 24F 9-b,
uncrossed nicols.)
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foliation is developed as a crenulation cleavage which continues into the
porphyroblast, where it is less penetratively developed (S2). The porphyroblast in-
cludes a rather tight fold defined by a compositional layering and with the internal
foliation as an axial surface structure. Although the fold might be due to syn-
sedimentary deformation this fold is tentatively interpreted here as an Fy structure
due to the well developed axial surface foliation and to have been helicitically included
within the siderite porphyroblast. Thus it follows that the internal foliation is S1 and
the siderite porphyroblast consequently grew post-D{ and pre-D>.

4.5.6. SKINNFALLTRASKET MYLONITE (STORFJALLET NAPPE COMPLEX)
4.5.6.1. Garnet
Garnet is present locally in the Skinnfélltrasket Mylonite. The garnet is euhedral,

retrogressed to chlorite and contains a helicitic Sp texture. It is apparently post-S»
(Fig. 31f).

4.5.6.2. Biotite
Biotite is present as smaller subhedral porphyroblasts. It is syn- and post-S>.

4.5.7. MINERALS PRESENT IN ALL NAPPES
4.5.7.1. White mica

White mica occurs to a variable extent in all formations. It is the most important
foliation-forming mineral and very seldom forms porphyroblasts. Muscovite is the
predominant type of white mica but paragonite also occurs in the uppermost part of the
Jofjallet Calcareous Phyllite, the Tjater Phyllite and especially the Seinesbdcken
Volcanite. White mica apparently grew during D). The Dy deformation mainly
deformed and rotated S| white mica with only minor new growth and/or recrystalliza-
tion.
4.5.7.2. Chlorite

Chlorite is present in all formations. It is often an important constituent in the diffe-
rent foliations and often substitutes other minerals for example garnet and biotite.
Chlorite formed during the deformation phases D1, D7, and to some extent also D3
has been recognized in each of the tectonic units.

4.5.7.3. Accessory minerals

Ilmenite and tourmaline are present in most of the formations (Figs. 32e, 32f).
Ilmenite is always pre-D7, while tourmaline occasionally is post-D3.
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|
‘ Fig. 33. Siderite porphyroblasts and their relationship to foliation (all samples from Tjéater Phyllite in
lower grade Storfjallet Nappe Complex, 24F 9-c).
a: Anhedral siderite porphyroblasts with large cores of quartz grains (light-grey). The main foliation (S7)
‘ envelopes the porphyroblasts (crossed nicols).
| b: Rounded siderite porphyroblast with a faint compositional layering (Sp. 1) and internal foliation (S].2) at
| a high angle to each other and with siderite free from inclusions in the D7 pressure shadow (crossed nicols).
\
|
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c: Siderite porphyroblast with a compositional layering mainly defined by carbonaceous matter (Sq_) and a
weak crenulation cleavage (S7), subhorizontal in the picture. The external foliation is S (crossed nicols).
d: Siderite porphyroblasts, where the internal foliation (S ?) is crenulated by D2. The external foliation is S
(uncrossed nicols).
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e: Detail of crenulation cleavage (S) in siderite porphyroblast (uncrossed nicols).

f: Detail of a siderite porphyroblast (uncrossed nicols), showing a spaced Dy crenulation cleavage and an
internal fold structure defined by carbonaceous matter (F1) and with an internal foliation as an axial
surface structure (Sp).
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4.6. VARIATION IN METAMORPHISM AND DEFORMATION
THROUGHOUT THE JOFJALLET AREA

4.6.1. OPENING REMARKS

The formations in the Jofjillet area can be divided conveniently into 6 groups showing
similar metamorphic grades and tectono-metamorphic histories. It is noteworthy that
five of these groups correspond to the different tectonic units as defined earlier
(including the lower and higher grade parts of the Storfjillet Nappe Complex). The
sixth group is composed of the Jofjallet Calcareous Phyllite lying in the lower grade
part of the Storfjallet Nappe Complex. This stratigraphic unit shows a somewhat
different tectono-metamorphic history than the remainder of the formations in the
lower grade Storfjillet Nappe Complex. The groups and a tentative summary of
possible deformation and metamorphic phases are presented below.

1

The chlorite (biotite) grade Bjorkvattnet Nappe (Skilvattnet Volcanite and Vis-
tansjo Phyllitic Quartzite).

Deformation phases: D1 (D2)' D3 (Dg)

Metamorphic phase: M1

. The garnet grade Laxfjallet Nappe (Jovattnet Calcareous Phyllite and Joestrém

Quartz-Keratophyre).
Deformation phases: D1 D2 D3 (Dyg)
Metamorphic phase: M1

. The garnet grade Metartjarnen Formation in the higher grade Storfjdllet Nappe

Complex.
Deformation phases: "D17? D2 D3
Metamorphic phases: *’"M|’" (M2)

. The chlorite (biotite) grade Jofjéllet Calcareous Phyllite in the lower grade Storfjal-

‘let Nappe Complex.
Deformation phases: D| (D2) D3 (Dg)
Metamorphic phase: M1

. The chlorite grade Tjater Phyllite, Seinesbiacken Volcanite, Rikarsjon Phyllite and

Ruffe Greenstone in the lower grade Storfjallet Nappe Complex.
Deformation phases: Dj Dy D3 (Dg)
Metamorphic phase: M1

. The relatively high grade Skinnfalltrasket Mylonite and the uppermost formations

in the lower grade Storfjallet Nappe Complex (Rovattnet Formation and Brack-
fjallet Greenstone).

Deformation phases: D] Dp D3

Metamorphic phases: (M) M2

The data for each group are summarized in Figs. 34-39 and discussed briefly below.

! Symbol within brackets means that the phase is very weak or highly loaclized.
2 Symbol within quotation marks means that it could be more than one phase.
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Fig. 34. This and following (35-39) figures show the variation in metamorphism and deformation for 6
different groups in the Jofjillet sequence. For each group the figure consists of:
a: Table indicating the growth and recrystallization of minerals during different deformation phases.

b: Graph showing the relation between metamorphism (upper curve) and deformation (lower curve). The
metamorphic grade is inferred from index minerals and is indicated by the left-hand axis. The intensity of the
deformation is mainly inferred from the character of the various folds and foliations and is indicated by the
right-hand axis. Fig. 34, representing group 1, shows data for the Skilvattnet Volcanite.

4.6.2. BIORKVATTNET NAPPE (1)

Group 1 is represented here by the eastern part of the Skilvattnet Volcanite (Fig. 34).

As shown by the deformation curve, D] dominates while D7 is weak or absent.
However, in the western part of the formation D7 is more strongly developed. D3 in
the eastern part of the Skilvattnet Volcanite is of some importance, while Dy is weak
and only locally present.

The metamorphism curve indicates that the acme of metamorphism was during or
shortly before D1, when biotite grade was reached in some parts of the formation.
During D there was practically no growth or recrystallization of minerals in the
eastern part of the Skilvattnet Volcanite. However, in the western part of the forma-
tion there was some growth of amphibole during and after D>.
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Fig. 35. Jovattnet Calcareous Phyllite, representing group 2.

4.6.3. LAXFJALLET NAPPE (2)

Group 2 is represented here by the Jovattnet Calcareous Phyllite (Fig. 35). ‘
The deformation curve shows that the most intense deformation was during D3. |
During D7 a strong foliation was developed and the earlier foliation was more or less |
transposed into this surface. The intensity of the first deformation phase (D) is |
difficult to assess, while the later deformation phases (D3 and D4) were rather weak.
The metamorphism curve indicates that biotite grade was attained during both D}
and D7. However, there is some uncertainty in deciding if biotite actually grew during
D>, rotation of older biotite being perhaps the dominant D2 mechanism.
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Fig. 36. Metartjarnen Formation, representing group 3.

4.6.4. METARTJARNEN FORMATION (IN STORFJALLET NAPPE COMPLEX) (3)
The higher grade part of the Storfjallet Nappe Complex is represented by the Metar-
tjarnen Formation (Fig. 36).

The deformation curve is similar to the corresponding curve for group 2 (Laxfjallet
Nappe). However, it must be kept in mind that the deformation phase labelled =Dy
may be polyphase and that the D picture may be oversimplified. The most intense
deformation occurred during D7, while D3 was rather weak.

The metamorphism curve shows that the peak of metamorphism was pre- and syn-
“’D1’", when garnet grade was reached. However, in the table some post-D7 garnet is

also indicated. Since this is very rare it has not influenced the shape of the
metamorphic curve.
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Fig. 37. Jofjallet Calcareous Phyllite, representing group 4. ‘

4.6.5. JOFJALLET CALCAREOUS PHYLLITE (IN STORFJALLET NAPPE COMPLEX) (4)
Group 4 is composed of the Jofjallet Calcareous Phyllite where it outcrops in the |
eastern part of the Jofjallet area (Fig. 37).

The deformation curve shows that there is only one strong deformation phase in this
formation (D), the main foliation (S ) being formed during this deformation phase. It |
is interesting that — apart from the westerly continuation of this formation — the D2 |
deformation appears to be very weak in this unit.

The metamorphism curve shows a peak pre- and syn-D|, when biotite grade was
reached in the lowermost part of the formation. During D7 there was only limited
recrystallization of certain minerals.
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Fig. 38. Seinesbacken Volcanite, representing group 5.

4.6.6. FORMATIONS IN THE MIDDLE PART OF THE LOWER GRADE STORFJALLET
NAPPE COMPLEX (5)

Group 5 is represented here by the Seinesbiacken Volcanite (Fig. 38).

The deformation curve indicates that the most intense deformation phase occurred
during D2 when the main foliation was formed.

The metamorphism curve shows that chlorite grade was maintained during D| and
also Dp.
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Fig. 39. Skinnfalltrasket Mylonite, representing group 6.

4.6.7 SKINNFALLTRASKET MYLONITE AND THE UPPERMOST FORMATIONS IN THE
LOWER GRADE STORFJALLET NAPPE COMPLEX (6)

Group 6 is represented here by the Skinnfilltrasket Mylonite in the Storfjéllet Nappe
Complex (Fig. 39).

The deformation curve shows that the deformation was very intense during Dj.
Significant differential movements occurred at this stage and mylonitic rocks were
formed.

The metamorphism curve shows a peak during or shortly after D, when garnet was
formed locally. It may be speculated that this peak of metamorphism depends on the
high friction heat generated by the thrusting.
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4.7. DISCUSSION

4.7.1. CORRELATION OF STRUCTURAL AND METAMORPHIC EVENTS BETWEEN DIFFERENT
TECTONIC UNITS

Post-metamorphic folding and foliation development (D3 and D) affects all tectonic
units and major F3 folds deform the thrust contacts between these units. D3 and the
demonstrably later D4 deformation are, thus, correlatable in time throughout the whole
Jofjillet area. It is possible that they are related to gravity-controlled disturbance of the
Baltoscandian basement due to superimposition of a denser allochthonous cover.

The development of the late-metamorphic Sp (S1+2) foliation (syn-metamorphic in
the case of the uppermost units in the Storfjillet Nappe Complex) and the strong
transposition of earlier surfaces into this foliation varies over the area. This planar
structure appears to be associated with reclined folding (F) and local development of
intrafolial folds, shear zones, phyllonites and mylonites. Based on this association the
D7 deformation in each of the units is suggested to have formed during thrust empla-
cement of the different units, and involved a high component of simple shear strain.
Assuming that these movements occurred more or less at the same time throughout
the pile, it may be inferred that the Dy deformation is broadly time correlatable across
the tectonic boundaries. A small diachroneity, involving earlier initiation of D> struc-
tures as the rock pile is traversed upwards, may be involved. Since D7 in the Bjork-
vattnet Nappe is known to be Silurian in age (see Stephens 1977), all D> structures
should, thus, be of Silurian age.

On the basis of the development of the D7 structures it would appear that signifi-
cant differential movements occurred 1, from the upper, western part of the Bjork-
vattnet Nappe through the highly deformed, attenuated Laxfjillet Nappe and up into
the lower higher grade part of the Storfjéllet Nappe Complex and 2, from the Tjater
Phyllite in the lower grade part of the Storfjillet Nappe Complex upwards, towards
and over the contact into the Skinnfilltrasket Mylonite. This evidence sheds some
light on the nature of the contact between the Metartjirnen Formation and the
Jofjéllet Calcareous Phyllite which is marked by an apparently small jump in meta-
morphic grade and the apparent absence of D> structures above the contact. It is
questionable whether this contact is a major D thrust. An earlier pre-D7 discontinui-
ty is a possible alternative.

The D structures appear to be homogeneously developed throughout each respec-
tive tectonic unit. It is suggested (see also Stephens 1977) that the various D strains in
each tectonic unit were related to flattening of the different rock sequences i.e. a large
pure shear component was involved. The time relations of the earliest pre-syn-
metamorphic structures between the different tectonic units are much more uncertain.

As stated above the D| folds and foliation in the Bjorkvattnet Nappe of the Jofjillet
area should be Silurian in age (see Stephens 1977). Dating of D is lacking in the
Laxfjallet Nappe and the lower grade part of the Storfjillet Nappe Complex. The
higher grade Storfjillet Nappe Complex, when followed to the north into the large
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TABLE 1. Tentative correlation of structural events and porphyroblast growth between the different
tectonic units in the Jofjéllet and Téirna areas. Italics mean less certain correlation and apply to Dj in the

BJURKVATTNET UNIT BJURKVATTNET NAPPE LAXFJIKLLET NAPPE
THRNA AREA (Stephens 1977) Skdlvattnet Volcanite Jovattnet Calcareous Phyllite [ Metartjdrnen Formation
04 Late kink folds 0, Local kink folds D, Local kink folds
Major, open to gentle (flat-1ying axial (flat-1ying axial
synforms and antiforms, surfaces) surfaces)
crenulation cleavage E = E
and minor folding D3 Major and minor § D3 Major and minor -g D3 Major and minor §
folding (steep axial 3 folding (steep axial 2 folding (steep axial 3
E surfaces) surfaces) 5 surfaces) o
Q § Local crenulation Local crenulation Local crenulation EE
§ % cleavage (53) cleavage (53) 2 cleavage (53) gg
D3 Major and (D,) Weak, stronger in D, Intense thrusting E D, Intense thrusting
minor folding, the western part, S, transposed into a and phyllonitization
- crenulation where S2 = main the main foliation SZ = main foliation
g cleavage foliation (mainly (51*2, 52) (crenu- (often metamorphic
= Mylonitization metamorphic layering) lation cleavage and layering)
E and thrusting ~ Tight folds w metamorphic layering) Local tight folds
z o E E Tight folds
= Bwd =
=] a0
7 DZ Early regional §§ t]1 Early regional folia- D] Early regional folia-
foliation % tion (phyllitic tion (5))
Tight to cleavage)
isoclinal S, = main foliation
minor folds Tight to isoclinal
D, Early synclinal minor folds
repetition
ORDOVICIAN "Dl" Early regional
DEFORMATION faliation (S, Syp,

Norra Storfjillet lens, contains granitic intrusions. One such granitic body at Vilasund,
known to have intruded after early foliation and garnet-staurolite porphyroblast deve-
lopment but prior to thrusting, has provided a Rb-Sr whole rock isochron age of 438 +
6 Ma (Gee and Wilson 1974)'. A similar structural-intrusion history has been descri-
bed for the Artfjillet gabbro (Senior 1978). Based on present Lower Paleozoic time
scales (van Eysinga 1975) this dating would imply pre-Silurian deformation and meta-
morphism. Local occurrence of Pelmatozoan remains (Kulling in Gavelin and Kulling
1955) in the higher grade part of the Storfjallet Nappe Complex in the Sodra Storfjal-
let lens indicates that this early deformation/metamorphism was probably Ordovician
in age? (see also Stephens, 1980).

It is evident that the pre-D structures in at least the Bjorkvatnet Nappe and higher
grade Storfjallet Nappe Complex cannot be correlated in time. Whereas the evidence

1 The originally determined age 447 + 6 Ma has been recalculated according to the 1976 recommended
decay constant for Rb; A =0.142X 10-10/a (Wilson and Sundin 1979).

2 Although the subphylum Pelmatozoa originated during Cambrian it did not become abundant before
Ordovician time (Davies and Stubblefield 1961).
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Laxfjallet Nappe and lower grade Storfjallet Nappe Complex (Skinnfilltrasket Mylonite included).

STORFJALLET NAPPE COMPLEX

Jofjdllet Calcareous Phyllite | Seinesbdcken Volcanite Skinnfalltrasket Mylonite
D4 Local kink folds Da Local kink folds
(flat-1ying axial (flat-1ying axial
surfaces) surfaces)
= w
03 Major and minor g D3 Major and minor E D3 Major and minor E
folding (steep axial 2 folding (steep axial s folding (steep axial 2
surfaces) = surfaces) 5 surfaces) 5
Local intense crenu- Local crenulation Local crenulation EE
lation cleavage (53) cleavage (53) cleavage (53) gé
(DZ) Weak, stronger in DZ Intense thrusting DZ Very intense I|
the western part, S] transposed into thrusting and mylo-
where often 52 = main the main foliation nitization
foliation (often (31*2’ 52) Often mylonitic fo-
crenulation cleavage) (crenulation cleavage liation (52) = main
Tight folds and metamorphic layering) foliation
E Major and minor tight Tight folds
= folds
=
0, »lia- D, Early regional foliation D, E
t to isoclinal

suggests that the Bjorkvattnet Nappe has suffered polyphase deformation/metamor-
phism at one stage (Silurian), it is clear that the higher grade Storfjillet Nappe
Complex has suffered both Ordovician deformation + metamorphism (at least part of
D17, "M1” of the present study?) and Silurian deformation + low grade metamorp-
hism [D_4, (M) of the present study].

A summary of these relationships is presented in Table 1, where uncertain correla-
tions are indicated by italics.

4.7.2. CORRELATION OF STRUCTURAL HISTORY OF THE LOWER GRADE STORFJALLET
NAPPE COMPLEX WITH OTHER AREAS IN THE CALEDONIDES

Table 2 summarizes the metamorphic and deformational history of the lower grade part
of the Storfjillet Nappe Complex. A tentative correlation of structural events with
other areas in the Caledonides of Sweden is also presented in this table.

The first deformation phase of Zachrisson (1969), Stephens (1977) and Sjostrand
(1978) has not been recognized on field evidence in the Jofjallet area. In this context it
is necessary to point out that the structural correlation between the Marsfjillen area
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TABLE 2. Summary of the metamorphism and deformation in the lower grade part of the Storfjallet Nappe
Complex in the Jofjallet area and tentative correlation with other areas. The solid vertical line delimiting the

m
<
o
>
(ad

Lower grade part of the Storfjdllet N.C

in the Jofjdllet area (present paper)

Bjorkvattnet Unit in the
Tdarnaby area (Stephens 1977)

Local kinkfolds with subhorizontal
axial planes (Fz kink), along which
a crenulation c?eavage sometimes

is formed

D, - Development of late kink
| 81ds

disturbance of basement/cover

post-metamorphic folding

Gravity-contr.

Development of open to gentle folds
in all scales. Two sets of folds
which give a dome and basin pattern
when they interfere:

One westerly with subhorizontal fold
axes and rather steep axial planes
to which the large Jofjillet Synform
belong (F3W)

One northerly with moderately
plunging fold axes and steep axial
planes (F3N)

Joints with the same attitude as the
axial planes of F3

Locally a crenulation cleavage is
formed (S3)

gentle folds

Intense conc. of minor struc-
tures in certain restricted

| zones inc. S2cc (locally trans-
poses Sc1)

Development of major open to

Kink folds follow S, trend on
l gently dipping axia% surfaces
Minor folds plunge gently N-S
on steep axial surfaces (Faa)
Rare, steep WNW-plunging crenu-
| Tation (Fgp)

Thrusting
late-metamorphic folding

Strong deformation of Sy in shear-
zones.

S, is developed as the main foliation
over large parts of the area. It is
formed mainly as a metamorphic
layering, often with relics of S;.
Sp is parallel - subparallel to g‘
and Sg

Important thrusts. Mylonites and
phyllonites are formed in several
zones. A continuous development of
tight to isoclinal folds in all

scales (reclined folds with flat-lying
axial planes and varying orientation
of fold axes)

A mineral lineation in W-NW is formed

‘ D3 - Intense deformation of S¢
etc. in certain zones - conti-
nuous development of both major
and minor folds and important
thrusts 1
Development of S.. (locally

Ltransposes Sc1)

Minor folds plunge gently and
trend approximately parallel to
Sp strike (original orientation
= NE-SW?)

Major folds are overturned to
the SW-S (original orientation
= SE?)

Collapse of tectonic pile
syn-metamorphic folding

Development of a regional phyllitic
cleavage (Sy) parallel or sub-
parallel to Sy (in places metamorphic
layering)

Isoclinal F; folds of modest dimen-
sions (reclined folds with flat-
lying axial planes and varying orien-
tation of fold axes)

Dy - Development of regional
phyllitic cleavage (Sc1) and
penetrative lineations inc.
pebble elongation

Associated with occasional
minor folds

Lineations plunge NW-WNW

D} - Early synclinal repetition
of stratigraphy

Uncertain orientation |
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Dj field of this nappe unit indicates that the correlation with the other areas is not established.

N. Jamtland - S. Vdsterbotten
(Zachrisson 1969)

The Marsfjdllen area
(Trouw 1973)

The Kvarnbergsvattnet area

(Sjostrand 1978)

F3 - Kink folds on flat-lying
l axial surfaces

F, - Local gentle folding and
I crenulation (Sgq): subhorizontal

Dg - Development of open major
and minor often kink-like re-
clined to recumbent folds or
flexures during gravity set-
ting of steep earlier struc-
tures

antiforms and synforms
NNE-SSW or NE-SW orientation
| and steep axial surfaces

I
I Fo - Development of major

F, - Folding on several scales,
local development of mainly
steep cren. cleavage with
variable strike (S3)

|

D, - Development of major and

minor antiforms, synforms,

I

domes and basins and
congruent minor folds

Associated with F] or younger
= local and possibly more
regional low angle thrusts

F] - Development of main
schistosity (S;)

General NW-SE or E-W orienta-
tion for rotated folds

F2 - Open to close folding of
Sp and Sy on several scales;
formation of a cren. cleavage,
a transposition schistosity
(Sz)or a rotated schistosity
(S71+2) and a NW-orientated
mineral lineation

Fo trends towards NNE or NW;
rotation of syn-F, garnets;
thrusting

D, - Formation of major and
minor, often sideways-
closing folds with a gene-
rally pronounced ax. pl. cren.
cl.; continued SE shear and
translation

|Zrai
Fl - Tight folding and forma-
| tion of a slaty cleavage (Sy);
intense deformation indicated
! by deformed conglomerates

I

Dy - Strong penetrative defor-
mation; development of the re-
gional foliation, which locally
is ax. pl. cl. to tight or iso-
clinal folds

Development during D, and D3, in
connection with NW-SE directed
extension, shear and nappe
translation parallel to the
elongation of many congl.
pebbles and to the axes of many
Dy4+2s Dp and D3 folds

|
|
I
l
|
|
|
|
|
|
|
I
|
|
|
|
|
-

Pre-Fy - Formation of large
l recumbent folds, which are
cut across by the Sy schis-
' tosity
L

|
|
i
|
I

_—

D, - Folding and development
of a bedding cleavage
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(Trouw 1973) and northern Jamtland-southern Visterbotten (Zachrisson 1969) differs
here from the one proposed by Trouw but follows Sjostrand (1978). For reasons
outlined in the previous section, it is uncertain whether the D1 phase in the lower
grade Storfjallet Nappe Complex can be correlated with the early deformation phases
of Zachrisson (1969), Trouw (1973), Stephens (1977), and Sjostrand (1978).

The D7 phase in the Jofjillet area differs from the corresponding phases in the other
areas in its degree of intensity and extent. During D7 a strong foliation was formed as
the main foliation over a large part of the Jofjéllet area. Simple shear deformation and
thrusting processes were apparently more prominent in the Jofjillet area than in the
other areas.

The D3 phase in the Jofjillet area differs from the corresponding phases in the other
areas since an east—west orientation of fold axes dominates, while D4 is rather weak in
the Jofjallet area compared to the other areas.

5. STRATIGRAPHIC AND TECTONIC CORRELATION WITH OTHER
AREAS IN THE CALEDONIDES

5.1. OPENING REMARKS

An attempt has been made to correlate, on a tectono-stratigraphic basis, the Jofjallet
sequence with other, more or less remote areas in the Scandinavian Caledonides.
Lithologically similar units with equivalent tectonic or structural position have been
placed on the same level in the correlation table, which thus differs from a stratigra-
phic correlation table, where lithology and/or age determine the relative position of
different units (Sjostrand 1978). Although the correlations are tentative, they are
necessary to elucidate the stratigraphy of the Jofjallet area and to try to place this
problematic sequence in a broader geological context.

. The main features of interest in the areas with which the Jofjillet sequence is
correlated are, apart from lithology and tectonic position, the following: 1. Occurrence
of fossils, which serve not only to define age but also possible paleogeographic affinity.
2. Way-up critera. 3. Isotope age determinations. 4. Volcanite petrochemistry as a
mean of assessing tectonic environment.

5.2. CORRELATION WITH ADJACENT AREAS

Table 3 shows a tentative correlation of the tectono-stratigraphy of the Jofjillet area
with the Tarna area 1-20 kilometres to the east, the Bjorkvattnet—Virisen area 1040
kilometres to the south-east (central Visterbotten) and the Sodra Storfjéllet area 2-25
kilometres to the south (see also Fig. 1).

5.2.1. BIORKVATTNET NAPPE

The rocks of the Bjorkvattnet Nappe within the Jofjallet area have been correlated
tectono-stratigraphically with the Koli stratigraphy of Kulling (1933, 1958). Only two
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formations have, however, been recognized; the Skélvattnet Volcanite has been
correlated with the Gilliks *’series’’ mainly on petrological grounds and the Vistansjo
Phyllitic Quartzite has been correlated with the Viris quartzite, which is probably a
facies variation of the Lovfjall phyllite (Zachrisson 1969). Kulling’s key Vojtja and
Slitdal formations which — following his stratigraphy — should occur between the
above-mentioned formations have not been recognized with certainty in the Jofjillet
area. However, at one locality there do occur lenses of a strongly deformed pure
quartzite, which might represent Vojtja quartzite, between the Skilvattnet Volcanite
and the Vistansjo Phyllitic Quartzite.

In the type area (Bjorkvattnet—Virisen) the Slatdal limestone and the Broken
’series’’ have provided fossils of Ashgillian and Llandoverian age respectively (Kul-
ling 1933). In a thin limestone interbedded within the serpentinite conglomerate of the
Ro "series”, there has been found (Holmgqvist 1980) a Lower Ordovician' fauna
resembiing the paleofauna of the Otta serpentinite conglomerate in Norway, which,
according to Jaanusson (1973), has a dominantly Baltoscandian affinity. Thus, the
rocks of the Bjorkvattnet Nappe in the Jofjallet area should be both Ordovician and
Silurian in age and were probably deposited on the Baltoscandian margin of the lapetus
Ocean.

5.2.2. LAXFJALLET NAPPE

The Laxfjallet Nappe, which is very thin in the Jofjillet area, is correlated with a much
thicker unit in the Tédrna area. On formation level the Jovattnet Calcareous Phyllite and
the Joestrom Quartz-Keratophyre in the Jofjallet area are correlated with the Calcare-
ous Phyllite and the Layered Metavolcanic Formations respectively (Stephens 1977).
The Joestrom Quartz-Keratophyre is also correlated with the Ropen ’’granite’’ of
Beskow (1927) on Sodra Storfjallet, which shows more than 1 km maximum thick-
ness. On the map of Beskow (1927) there are low grade phyllites, some with
calcareous symbols, and greenschists to the east of the Ropen *’granite’’, which can
probably be correlated with similar rock types in the lower nappes of the Jofjillet
area.

In the Téarna area, Stephens (1977) placed a thrust below his Calcareous Phyllite
Formation, while Kieft (1952) proposed tectonic contacts both beneath the Calcareous
Phyllite Formation and the Layered Metavolcanic Formation. Kieft’s interpretation is
consistent with Beskow (1927) who likewise placed a thrust at the base of the Ropen
“granite”. These discrepancies illustrate the problem of assessing the nature of con-
tacts in such low grade rocks. Differential movements have been focused along most
important lithological contacts and it is a question of assessing the degree of relative
movements. As stated earlier the contact between the Jovattnet Calcareous Phyllite

1 According to the geological time scale of van Eysinga (1975) Ordovician is divided into Lower and Upper
Ordovician, with the limit placed between Llandeilian and Caradocian. In this paper this time scale will be
used.
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TABLE 3. Tectono-stratigraphic correlation of the Jofjallet area with adjacent areas.

CENTRAL VKSTERBOTTEN S. STORFJALLET TARNA AREA JOFJKLLET AREA TECTONIC
(kulling 1933, 1958) (Kulling 1972) (Stephens 1977) (this paper) UNITS

Skinnfdlltrasket Mylonite

Brackfjdllet Greenstone

Rovattnet Formation

Ruffe Greenstone

Rikarsjon Phyllite

Seinesbdcken Volcanite

Tjdter Phyllite

STORFJALLET NAPPE COMPLEX

13. Sandy calcarecus
phyllites and quartzites Jofjallet
12. Phyllitic slates B Calcareous Phyllite >
11. Limestone R =
10. Quartzite cgl., quartzite graph. and quartz phy., 1st. =
——————————————————————————— - =]
9. Mesket greenstone lava fm. :
8. Morto quartzite cgl. &
7. Phyllitic slates Mot st Soin <
6. Polymict cgl. s i =
5. Ropen quartzite cgl. : : Formation =
4. Greenstone lava Staurolite Schist ?
3. Ropen limestone Formation w
2. Phyllitic sandy schists o
Layered Metavolcanic Joestrom 5
1. R i =4
HpEn: gronite Formation Quartz-Keratophyre T
B o S5
Calcareous Phyllite Jovattnet Calcareous 52
______ 2 g =
Bobcgmionine s ST =L L S Formation Phyllite
Lovfjanl phyltite | =~ Lovfjall Formation Vastansjo Ph. Quartzite
el satge < labta Tl - T S T T | Broken Formation oy
. /| Skilvattnet Volcanite
Sldtdal 1imestone Slatdal Formation ///
Vojtja conglomerate Vojtja Formation /// =
=
Gilliks series Gilliks Formation / E‘g
Seima series Forsbdck/Seima Eg
B Savies Formations 2
_________________ Brakko schists/ e e e
Seve Térna schists =
oo
5

and the Joestrom Quartz-Keratophyre is a particularly difficult contact to interpret as
it occurs in a highly attenuated sequence. For the present, the Ropen “granite™, the
Joestrom Quartz-Keratophyre and the Layered Metavolcanic Formation are corre-
lated and shown to lie in the same tectonic unit as the Jovattnet Calcareous Phyllite.

5.2.3. STORFJALLET NAPPE COMPLEX

The Staurolite Schist Formation in the Tarna area (Stephens 1977) is thought to
correspond to the lower part of the higher grade Metartjarnen Formation in the Jofjallet
area.

The thin Metartjirnen Formation is correlated with a huge (several kilometres)
upper greenschist-amphibolite facies packet of rocks on Sodra Storfjillet consisting of
at least eight different formations (Kulling in Strand and Kulling 1972). As in the
Metartjirnen Formation various phyllitic schists — often garnetiferous — dominate the
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succession. The Ropen limestone of Sodra Storfjillet may correspond to the thin
limestone bed in the lowermost part of the Metartjirnen Formation (cf. Fig. 6).
Another conspicuous formation is the Mesket greenstone lava formation (Kulling in
Strand and Kulling 1972) which may be an equivalent to the mainly mafic volcanites in
the Metartjidrnen Formation.

On top of this higher grade complex on Sédra Storfjillet there is a thin, more low
grade sequence of rocks which Kulling tried to correlate with the Vojtja-Slatdal-
Broken sequence in the Bjorkvattnet-Virisen type area. Occasionally in the borderzo-
ne between the Metartjarnen Formation and the Jofjillet Calcareous Phyllite in the
Jofjillet area, there occur similar metasediments which are difficult to incorporate in
either of these formations. They are low grade and vary in lithology, often being
graphitic and even containing limestone. In this context it might be of interest that a
similar sequence is also present at the same tectonic level at Essmitjakko in northern
Visterbotten i.e. the succession corresponding to formation 10-12 on Sodra Storfjallet
(reconnaissance mapping by M.B. Stephens and the author).

According to Kulling the stratigraphically highest unit on Sédra Storfjillet consists
of sandy calcareous phyllites and quartzites, which are thought to be equivalents to the
rocks in the Jofjillet Calcareous Phyllite.

No age-determinable fossils have been located on Sédra Storfjallet. However, at
two different levels in the middle of the higher grade part of the succession. there
occur pelmatozoan stems (Kulling in Gavelin and Kulling 1955). This strongly indica-
tes that at least a part of the strata in the higher grade Storfjillet Nappe Complex is
post-Cambrian in age.

The remainder of the Storfjillet Nappe Complex stratigraphy in the Jofjillet area is
not correlatable with the areas discussed above. There are probably regions in northern
Visterbotten which contain rocks that might be equivalents to the higher strata in the
Jofjallet area, but since the stratigraphy is poorly understood in such regions, detailed
correlation is not possible at this stage.

5.3. CORRELATION WITH THE TRONDHEIM-TANNFORSEN REGION
5.3.1 OPENING REMARKS

Besides the correlations with neighbouring areas already discussed, an attempt has
been made to correlate the Jofjillet rock sequence with the tectono-stratigraphy in a
more remote area, the Trondheim-Ténnforsen region (Table 4). The correlations are
based mainly on maps and papers by Carstens (1960), Wolff (1960, 1967, 1973
1976), Springer Peacey (1964), Torske (1965), Chaloupsky and Fediuk (1967),
Zachrisson (1969, 1973), Rui (1972), Strand and Kulling (1972), Olesen et al. (1973),
Gee and Zachrisson (1974), Gee (1975a, b), Sjostrand (1978), Hardenby (1980) and
also on the author’s own short visits to these areas. The tectono-stratigraphic column
for the Trondheim region (Table 4) is modified after the paper of Sjostrand (1978). In
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this region the occurrence of fossils allow the establishment of a crude chronostrati-
graphy for the sequence. The fossil occurences are now briefly described.

By correlation of serpentinite conglomerates in the Téannforsen area in western
Jamtland with the fossil-bearing Otta serpentinite conglomerate in the southern Trond-
heim region, a Lower Ordovician age and a Baltoscandian affinity are assumed for the
lowermost part of the Koli rocks in the column (Jaanusson 1973). In the overlying
tectonic unit (Trondheim Nappe), in the Slagan Group, there occur graptolites of
Llandoverian age, while in a graphitic phyllite, probably located in the structurally
upper part of the Fundsjo Group (D.G. Gee, personal communication), there has
been found Dictyonema flabelliforme (Vogt 1889). This pelagic Tremadocian fossil
has, nevertheless, no pronounced geographical affinity (L. Karis, personal communi-
cation). In the Lower Hovin Group further west, structurally on top, there occur
fossils of Lower Ordovician age with an American affinity, while in the uppermost
part of this group there are rocks of Upper Ordovician age with a probably mixed
faunal assemblage (Whittington and Hughes 1972, Gee 1975b).

Besides these fossil evidences for younging directions various structural criteria
have also been used. The incorporation of pebbles from the structurally overlying
Fundsjg Group into the Lille Fundsjg conglomerate indicates inversion of this part of
the rock sequence. In a similar way a volcanogenic conglomerate above the Stgren
Group indicates the younging direction. The volcanites of the Fundsj¢ Group have
dominantly an ensimatic immature island arc affinity (Furnes et al. 1979), while the
volcanites of the Stgren Group have an ocean floor character (Grenne et al. 1979).

The Kjglhaugen group in the lower part of the geological column is somewhat
problematic. The calcareous phyllite in the western part is typically associated with
metagabbro, while in the eastern part no metagabbros are present (Wolff 1976).
Structural younging evidence (graded bedding) indicates that the western sequence of
the Kjglhaugen Group is inverted (Wolff 1973) and that the eastern sequence forms a
synclinal structure dipping to the west (overturned to the east) and is cut by the thrust
of the Trondheim Nappe (Hardenby 1980). The western and eastern parts of the
Kjglhaugen Group are, thus, not simply correlatable. Considering the relationship to
the Llandoverian Slagan Group, which separates the eastern and western develop-
ments of the Kjslhaugen Group, the eastern part is probably Silurian in age while the
western part is probably to a large extent pre-Silurian (Ordovician) in age.

The younging directions deduced for the succession in the Trondheim-Téannforsen
region are indicated in Table 4.

5.3.2. BIORKVATTNET NAPPE

The tentative correlation of the formations in the Bjorkvattnet Nappe with the eastern
Trondheim-Tannforsen region is difficult to convey adequately in Table 4. It is
possible that the Vistansjo Phyllitic Quartzite can be broadly correlated in time with
the gabbro-free calcareous phyllites of both the Tannforsen area and the eastern
Kjglhaugen Group.
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TABLE 4. Tentative tectono-stratigraphic correlation of the Jofjillet area with the Trondheim—Ténnforsen
region.
TRONDHEIM REGION JOFJALLET AREA
T UPPER HOVIN GROUP (sst. phyllite, cql.) SR e W T
—-——‘.; LOWER HOVIN GROUP (congl. sst. meta- oo : 3 s
’l( Lhyoh’te, diorite, limestone, volc. congl.) BRACKFJALLET GREENSTONE
& : " Frorsti
STPREN GROUP (metabasite, quartz-keratoph.) RUVATTNET FORMATION
A R A i ) o
"REROS"GROUP (phyl1ite, quartz e 5 RUFFE GREENSTONE s
schist, metagreywacke, phyllite) RIKARSJON PHYLLITE §
——. = A . = L = L ~ SEINESBRCKEN VOLCANITE §§
]
N TJATER PHYLLITE 2=
GULA GROUP (phyllites to schists, often 1 2°
raphitic, metabasite, migmatitic gneiss, =¥ S
e : 5 5 - gres N JOFJRLLET CALCAREQUS PHYLLITE &
quartzite congl., limestone) R
\\
o AT L L " n 1 i
L. Ord. A A A A A A A A —
FUNDSJP GROUP (metabasite, qz-keratoph.) = ~ < [("post-€" x)| METARTJRRNEN FORMATION
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black phyllites, calc. metasst., meta- Fy e JOESTROM QUARTZ - KERATOPHYRE 5
basite) Sl Cd . s x = 1 s _z‘_'_y
-—— "
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phyll., metagreyw. with cgl., metagabbro) (with metagabbro) =
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// ”*
» -
A
Graphitic phyllite, greywacke, polymict // ot
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SEVE
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A A Major thrust in the Trondheim— SR Correlation line
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A A Major thrust in the Jofjallet area L.Ord.x Dated paleofauna,
== Pt 5 Minor thrust with dominantly Baltoscandian affinity
i "Way-up" evidence with dominantly American affinity

l Younging direction deduced

with mixed affinity
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5.3.3. LAXFJALLET NAPPE

The Jovattnet Calcareous Phyllite is correlated tectonically with the gabbro-intruded
western Kjglhaugen Group, and the Joestrom Quartz-Keratophyre with the Fundsjo
Group. Assuming there is no tectonic break between the Lille Fundsje conglomerate
and the Kjglhaugen Group, it is inferred that the Laxfjéllet Nappe is also inverted: the
Joestrom Quartz-Keratophyre very tentatively having a Lower Ordovician age and the
Jovattnet Calcareous Phyllite an Ordovician or possibly very early Silurian age.

5.3.4. STORFJALLET NAPPE COMPLEX

The retrogressed and phyllonitic Metartjarnen Formation is — as earlier mentioned — an
extremely attenuated part of the Norra Storfjallet lens. A conspicuous unit in the
central Trondheim region with which this lens shows significant similarities is the Gula
Group. In particular, they show similar association of lithologies, metamorphic grade
and tectonic position. Roberts (1978) suggested a largely Precambrian age for the Gula
Group for which he proposed a close similarity with the Seve unit in Sweden.

In between the Gula Group and the Stgren Group volcanites there is a zone,
varying in thickness, of dominantly metasedimentary rocks. which has been referred
to as the Rgros Group (Torske 1965), the “pseudo-Gula™ (F.C. Wolff. personal
communication) and the Selbusjoen mélange (Horne 1979). According to Torske this
unit is right way up and older than the Stgren and Lower Hovin Groups. Gale and
Roberts (1974) on the other hand, proposed that the Stgren Group had been upthrust
on this unit, which was assumed to be of Lower Hovin age i.e. Ordovician (Wolff
1976).

On the geological map of the Trondheim region (Wolff 1976) there is a "'minor™
thrust indicated along the contact between the *’pseudo-Gula’* and the Gula Group. In
this context it is worth emphasizing the problematic nature of the contact between the
higher grade Metartjairen Formation and the Jofjéllet Calcareous Phyllite in the
Jofjillet area, a possible pre-D7 discontinuity being earlier inferred.

Torske (19635) described the following sequence (named in descending order)
immediately below the Storen greenstone: upper phyllite (max. 30 m), quartz schist
(100 m), metagreywacke (100-150 m), and lower phyllite (uncertain, large thickness);
the rocks belonging to lower greenschist facies. The following points are of interest for
the correlation with the lower grade part of the Storfjallet Nappe Complex in the
Jofjéllet area:

1. The upper phyllite is often light-green in colour and estimated to have as much as
40% chlorite, which may indicate a volcanogenic affinity.

2. The quartz schist, which is often in contact with the Stgren greenstone, consists of
alternating layers of quartz-rich rock and thin laminae of dark phyllite often
strongly deformed.



CALEDONIAN GEOLOGY OF THE JOFJALLET AREA 101

. The metagreywacke has a variety with porphyroblasts of siderite, averaging about 1

mm in size.

. The content of carbonate minerals in the lower phyllite has been estimated to 13

%.

A most interesting feature of this rock sequence is the occurrence of siderite
porphyroblasts, such porphyroblasts being also a characteristic feature of the Tjater
Phyllite in the Jofjillet area. Furthermore, rock types reminiscent of the quartz schist
are present in the Tjater Phyllite. The lower phyllite with its rather high carbonate
mineral content may then be equivalent to the Jofjillet Calcareous Phyllite, while the
upper phyllite could possibly represent the Seinesbacken Volcanite. Thus it is possible
to correlate the sequence between the Metartjarnen Formation and the Ruffe Green-
stone in the Jofjillet area with the "Rgros Group™ as described by Torske (1965) and
lying between the Gula and Steren Groups in the central Trondheim region.

The Stgren Group predominantly consists of mafic volcanites, being composed of
pillow lavas and pyroclastics. The age of the Stgren greenstone is unknown in detail.
Since it is overlain by an Ordovician sequence, it is Lower Ordovician or older in age.
The Stgren greenstone is thought to be equivalent to the Ruffe and Brackfjillet
Greenstones, which tectonically overlie the remainder of the lower grade Storfjéllet
Nappe Complex sequence in the Jofjillet area.

The age of the Storfjillet Nappe Complex is, thus, not accurately known. Via
correlation with Sodra Storfjéllet (Table 3 and earlier discussion) and Norra Storfjillet
(radiometric dating, see earlier discussion) part, at least, of the Metartjarnen Forma-
tion is inferred to be Ordovician in age. Via correlation with the Stgren Group a
minimum age of Lower Ordovician is inferred for the Ruffe and Brackfjillet Greensto-
nes. The age of the sequence in between the Metartjarnen Formation and the Ruffe and
Brackfjallet Greenstones is uncertain, but if the assumption by Wolff (1976) regarding

correlation of the "’pseudo-Gula’ with the Lower Hovin Group is valid, then an
Ordovician age and deposition on the Greenlandian side of the Iapetus Ocean is
probable.

6. SUMMARY OF CONCLUSIONS

The Jofjallet succession, which is about 4 km in thickness, consists of at least three
nappe units of great regional importance (the Bjorkvattnet and Laxfjéllet Nappes, and
the Storfjallet Nappe Complex). In the Storfjillet Nappe Complex, which predomina-
tes in the Jofjillet area, there occur several tectonic repetitions of sequences. A
conspicuous feature — especially for the lower nappes — is their lens-like character.
The succession in the Storfjillet Nappe Complex consists predominantly of supra-
crustal rocks. The metasediments comprise mainly phyllites of different composition.
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However, the rocks in the lowermost part of the Storfjillet Nappe Complex — the
Metartjarnen Formation — are higher grade and more schistose in character. The
phyllites represent mainly basinal deposition of distal sediments. A turbidite facies is,
however, represented by the thick Jofjéllet Calcareous Phyllite. The Seinesbacken
Volcanite, which is situated structurally above the stratiform sulphide deposits, is
interpreted to represent distal tuff. The greenstones in the upper part of the sequence
are thought to be flows and high-level intrusions. The investigated sulphide deposits —
Tjéter, Storbacksdalen and Rikarbacken — occur at two different tectonic levels, but
probably at the same stratigraphic level.

The rocks in the Jofjéllet area have been metamorphosed under greenschist facies
conditions. The metamorphic grade increases from the Bjorkvattnet Nappe through the
Laxfjallet Nappe and culminates in the lower part of the Storfjallet Nappe Complex
(Metartjarnen Formation). Upwards from this formation there is a continuous decrease
in metamorphic grade to lower greenschist facies, which dominates in the Jofjillet
area. In the upper part of the Storfjillet Nappe Complex the metamorphic grade
increases again into upper greenschist facies.

Post-metamorphic folding and foliation development (D3 and Dy) affect all tecto-
nic units and are correlatable in time throughout the Jofjallet area. Late-metamorphic
deformation (D7) is suggested to have formed during thrust emplacement of the
different units. Assuming that these movements occurred more or less at the same time
throughout the rock pile, it may be inferred that the D2 deformation is broadly time
correlatable across the tectonic boundaries. The Dp—D4 deformation is Silurian in age.
The time relations of the earliest pre-syn-metamorphic structures between the different
tectonic units are much more uncertain. D folds and foliation in the Bjorkvattnet
Nappe are Silurian in age. Dating of D is lacking in the Laxfjéllet Nappe and the
lower grade part of the Storfjallet Nappe Complex. The pre-Dj structures and meta-
morphism in the higher grade part of the Storfjillet Nappe Complex (Metartjarnen
Formation) are suggested to be Ordovician in age.

Using tectono-stratigraphic correlations with other areas in the Scandinavian Cale-
donides an attempt has been made to clarify the stratigraphy of the Jofjéllet area and
place it in a broader geological context. From these correlations it is inferred that the
Bjorkvattnet Nappe is right way up, is Ordovician and Lower Silurian in age and the
rocks were deposited on the Baltoscandian margin of the lapetus Ocean. The rocks
within the Laxfjéllet Nappe may well be inverted, with an Ordovician and possibly just
into Silurian age. The age and younging directions of the Storfjéllet Nappe Complex
are unknown in detail. A part of the Metartjarnen Formation is inferred to be
Ordovician and the Ruffe and Brackfjallet Greenstones are thought to be at least Lower
Ordovician in age. The age of the sequence in between these units is not known, but an
Ordovician age and deposition on the Greenlandian side of the lapetus Ocean cannot
be ruled out. In summary, the rocks in the Jofjillet area are suggested to be Early
Paleozoic in age and to have formed on the margins of both the Greenlandian and the
Baltoscandian plates.
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