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PREFACE

The Geological Survey of Sweden could the fourth of Juli 1958 celebrate the first
century of its existance. As director (1951—1958) I decided upon publishing a new
map of the Prequaternary rocks of Sweden in 1 : 1 million. I am naturally myself in
the first instance responsible for this map. Many geologists within and outside the
Survey have, however, cooperated in putting together the material for the map. It
has been real teamwork.

For the southern part of the Caledonian Mountains B. Asklund has been the leader
and for the northern part O. Kulling. G. Kautsky has made important contributions.
Among the assistants for the southern part of the Caledonian may be mentioned A.
Stromberg and G. Stalhos and for the northern part G. Bexell, N. Marklund and H.
Johansson.

For the Cambro-Silurian, Mesozoic and Tertiary sediments outside the Caledonides
J. Eklund has assembled the relevant material.

For the pre-Gothian, Gothian and Dalslandian of southwestern Sweden W. Larsson
and P. H. Lundegardh have left important contributions and I have during several
excursions discussed the problems of this region with them. P. H. Lundegardh has
drawn the map of the Precambrian region north of Givle as far as Sundsvall and
made some corrections for the region north of Sundsvall. The map of the Precambrian
of the county of Visterbotten is taken from the map of S. Gavelin with the corrections
necessary as a consequence of the investigations of G. Kautsky in the Skellefte field.
For the Norrbotten county the newly published map of O. Odman has been used.

The colours and symbols outside the Caledonian Mountains have been chosen by
myself in consultation with M. Lundqvist. For the Caledonian B. Asklund has taken
part in the consultations and the colours are in this region essentially those he has
proposed. E. Bjork, M. Ekman and B. Lindeberg have done the drawings. M. Lund-
qist and O. Hedbom at the Institute of Cartography have supervised the printing.

I much regret that the discription of the map has been delayed. I have myself
written the description of the Precambrian rocks outside the Caledonian Mountains.
P. Thorslund has written about the Cambro-Silurian, F. Brotzen about the Mesozoic
and the Tertiary, B. Asklund about “The geology of the Caledonian Mountain-Chain
and of the Adjacent Areas in Sweden”, and O. Kulling “On the Caledonides of
Swedish Lapland”.

To all persons mentioned above and to the many whose names have not been
included but who have cooperated in various ways in the production of the map I
wish to express my deepest gratitude.

Stockholm in May 1960.
Nils H. Magnusson

To my predecessor as Director of the Geological Survey of Sweden, Professor Nils H.
Magnusson, I wish to express my gratitude for the energetic and purposeful work,
which he after his retirement has bestowed in order to bring to an end the descrip-
tion of the new petrological map of Sweden. I am also very obliged to professor P.
Thorslund, University of Uppsala, for his account concerning the Cambro-Silurian
areas and its stratigraphy.

I hope that the description of the map will be a contribution of considerable value
to a wider information of the Prequaternary geology of Sweden.

Stockholm in May 1960.
K. A. Lindbergson
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The Swedish Precambrian outside the Caledonian
Mountain Chain

By

NirLs H. MAGNUSSON

On the new map of the Pre-Quaternary rocks of Sweden younger and older
Precambrian rocks are distinguished. For the younger Precambrian, Swedish
geologists have long used the term Algonkian and for the older Precambrian
the term Archean. The former term has been used on the new map but not the
latter, because the upper limit of the Archean in different countries has been
placed at different ages in schemes of age relations. Some countries only use the
term for much older rocks than those dominating the older Precambrian of
Sweden.

In the scheme on the map therefore these older Precambrian rocks have
been divided into Karelian, Svionian, Dalslandian, Gothian and pre-Gothian
rocks, belonging to as many cycles or periods. The order in the scheme is not
the order of age. The Karelian and Svionian cycles dominate in Norrland, that
is Sweden north of Gévle, and in the eastern part of Central Sweden. The Dals-
landian, Gothian and pre-Gothian cycles on the contrary dominate in south-
western and southeastern Sweden.

The age relations found through field observations and through absolute age
determinations have shown that the order of the cycles from the oldest to the
youngest is: pre-Gothian —> Svionian— Karelian—> Gothian—> Dalslandian.
In the following the cycles and their rocks will be described in this order.

The pre-Gothian Cycle

The rocks of this cycle appear only in southwestern Sweden where they form
a broad belt from Scania to the Norwegian frontier, north of Lake Vanern.
For large parts of this belt there are no modern geological maps. To get a
uniform picture the rocks are divided into grey gneisses, augen-gneisses in the
grey gneisses, red gneisses, augen-gneisses in the red gneisses, hyperites in the red
gneisses, and amphibolites. Because in the northern part of the grey gneiss-region
a division of the gneisses into red and grey gneisses has been impossible in the
absence of geological maps the rocks have been designated as alternating grey
and red gneisses. Supracrustal remnants in the gneisses have been given a special
designation as also the charnockites of the Varberg district.

The homogeneous grey gneisses contain quartz, plagioclase (oligoclase or
andesine), biotite, and often also hornblende. In some types muscovite, too,
appears in essential amounts. In the more intermediate gneisses microcline ap-
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Fig. 2. Grey banded ‘schlieren’’-gneiss. Southeast of Sildebraten, parish of Frykerud. 3/4 natural
size. (After N. H. Magnusson.)

pears as evenly distributed grains or as “schlieren”. Usually there is also a
small amount of epidote and here and there scapolite. Magnetite, titanite, and
apatite are frequent accessory minerals.

From these homogeneous grey gneisses there are all transitions to banded
types and “schlieren” gneisses in which red gneisses and amphibolites also ap-
pear as bands or “schlieren”.

In the transitional types to the banded grey gneisses there is a more and more
marked tendency for the plagioclases to gather together in white bands alter-
nating with dark bands rich in biotite and hornblende, often together with
garnet.

The amphibolite-bearing zones are even more complicated as a result of the
exchange of material between the amphibolites and the gneisses. The am-
phibolites are then often replaced by hornblende-rich transition types often with
small concentrations of such minerals as garnet, hornblende and augite.
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Fig. 3. Folded pre-Gothian banded gneiss. Trollhittan. (After P. H. Lundegardh.)

Some grey gneisses contain smaller or larger red “augen”. These “augen”
sometimes have increased in size. The author has found augen with more than
2 dm diameter. Together with feldspars these augen often also contain quartz.
Frequently there are also all transitions between augen gneisses and grey
gneisses with red schlieren rich in microcline.

In the large amphibolites there have often been found kernels of norite and
gabbros going over to uralite-norite, uralite-gabbros, hornblende-gabbros, am-
phibolites and garnet-bearing amphibolites towards the contacts.

Quartzites and limestones have been found as small remnants only in a few
places. The original quartzite and limestone layers have otherwise disappeared
through exchange of material during the gneissification processes.

The transformation of the original rocks into the banded gneisses, “schlieren”-
gneisses and “augen’’-gneisses described above must be due to a metamorphic
differentiation inside the different rocks combined with a more or less intensive
exchange of material between the layers. Smaller layers have therefore often
totally lost the original composition. In other cases small isolated kernels give
ideas of the original material.

The red quartz-feldspar material rich in microcline has been the most mova-
ble as the red “schlieren” and the red “augen” clearly indicate.

South of Lake Vinern where the gneissification is weaker the dominating
grey gneisses have been described as supracrustal rocks with band- or lens-
shaped intrusions of gneissic intermediate granites, often rich in basic inclusions,



SWEDISH PRECAMBRIAN. OUTSIDE THE CALEDONIAN MOUNTAINS 9

gneissic augen granites and larger and smaller intrusions of amphibolites often
with gabbroic kernels.

The grey gneisses dominate the smaller western part of the pre-Gothian
region from the Norwegian frontier to the east of Géteborg (Gothenburg) and
is to the east bounded by a thrust zone dipping towards the west. East of this
thrust zone and in the region south of Goteborg the dominating pre-Gothian
gneisses are red gneisses, rich in microcline or with about the same amount of
microcline and acid plagioclase. The latter gneisses are usually called inter-
mediate. The red gneisses rich in microcline vary from types very poor in other
minerals than quartz and feldspars to types with biotite, often also muscovite.
A characteristic accessory mineral is magnetite. The types poor in femic miner-
als have been called red salic, the types somewhat richer in such minerals are
called red semisalic. The intermediate gneisses have larger amounts of plagio-
clase, and the plagioclase is somewhat more basic. Besides, there are larger
amounts of biotite, and hornblende often also appears as an essential com-
ponent. In the intermediate gneisses there often have been found granitic
kernels. Some alkaline types characterized by low amounts of quartz have proba-
bly been quartz-syenites. The grey plagioclase-gneisses poor in femic minerals
have been called grey salic and the same gneisses rich in femic minerals (biotite
and hornblende) have been called grey basic. These granitic and syenitic rocks
form a very fine differentiation series. Gabbros and diorites more or less altered
to amphibolites are also connected with this intrusive series.

Together with the gneisses named above there appear here and there more
fine-grained gneisses, which probably are supracrustal rocks, lavas and tuffs.
The latter often show a distinct bedding. These volcanic rocks vary from red
over intermediate to grey types. Associated with them are also quartzitic layers
and layers rich in calcite and skarn minerals such as garnet, pyroxene, epidote
and hornblende. Even magnetite and hematite have locally been found as spots
or as distinct layers. It is often difficult to separate layers rich in hornblende
skarn from amphibolites rich in hornblende. In other places beds rich in quartz
alternate with beds poor in quartz and beds rich in micas (muscovite and bio-
tite) with beds poor in micas.

In the region of Karlstad the gneisses have been studied in more detail.
Those explained as original granites are called the Karlstad granites. The origi-
nal supracrustal rocks have been grouped together in the Hammaro sertes.

North of the Karlstad region there appears in Horrsjéberget a quartzite rich
in kyanite together with a relatively well preserved porphyritic rock. Compara-
tively well preserved calciferous tuffs have also been found in Ostmark, near
the Norwegian frontier. Certainly futural investigations will come across several
now unknown areas with supracrustal rocks.

Towards the Norwegian frontier the granitic gneisses over a great area pass
into well-preserved granites.

In the region north of Lake Vinern there appear in the red gneisses a great
many occurrences of hyperites. These are dark brown-violet rocks in which with
the naked eye plagioclases with about 55 % anorthite and ophitic texture can
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a complex belonging to the pre-Gothian grey gneisses, in the easthern part a complex belonging to

the pre-Gothian red gneisses and between them mylonitized Gothian granites, gabbros and diorites

and mylonitized pre-Gothian gneisses pressed down in late Gothian time between the two blocks.
(After N. H. Magnusson.)

be seen. Between the plagioclase abundant dark minerals (olivine, augite, hyper-
sthene-augite and hypersthene) occur. Besides, there is a large amount of titano-
magnetite and apatite.

Outwards the hyperites pass into hyperite-diorite, the colour becoming more
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Red, Intermediate gneiss
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green because the pyroxenes and olivine have been replaced by hornblende and
the outer parts of the plagioclases enriched in the albite-component. Garnet
and biotite begin to appear in this zone.

The hyperite-diorites pass into hyperite-am phibolites towards the contact
with the surrounding gneisses. These amphibolites are schistose, dark green
rocks with grey-white plagioclases and dark green hornblende and usually also
red garnet in often large grains. The amounts of biotite and quartz are higher
than in the diorites.

Field observations have shown that the gneisses usually dip beneath the
hyperites. At only a few smaller occurrences do the latter lie between two
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gneiss-layers. Especially in the Molkom region most occurrences of hyperite are
parts of one and the same large layer. The hyperite is younger than the original
surrounding rocks but older than the regional gneissification. It is during this
process that the hyperite was altered to hyperite-diorites and amphibolites.

A few hyperite occurrences of the same type appear also south of Lake
Vanern as far as the town of Tidaholm.

The red gneisses south of Lake Vanern as far as the province of Scania vary
in the same way as in the region north of this lake, and where modern investi-
gations have been undertaken it has been possible to distinguish a series of
intrusive rocks varying from basic rocks (originally gabbros and diorites)
through plagioclase gneisses to dominantly red intermediate and acid gneisses.
The intermediate gneisses have the granitic appearance best preserved.

In the Halmstad region the granitic rocks and the basic rocks connected
with them appear as longish lense-formed bodies in a mass of more fine-grained,
veined intermediate or grey gneisses, which have been explained as original
supracrustal rocks, among which volcanics seem to play a great role. The
oneiss-complex south of Halmstad and Ljungby and in northern Scania seems
to have a similar construction.

Together with the red gneisses there is, especially in the region from the
town of Lidképing (in the north) via Bords to Varberg (in the south), a good
deal of grey gneiss. This rock is usually extremely well banded like the grey
gneiss in the western pre-Gothian region where these rocks predominate. Even
the red gneisses sometimes show a banded texture.

In a broad zone from the coast between Varberg and Halmstad in an easterly
direction there appear a great many occurrences of amphibolites. These rocks
are usually characterized by a large amount of garnet and often pyroxene rich
in iron appears together with hornblende and a basic plagioclase. These am-
phibolites have been called garnet-pyroxenolites.

In the same zone charnockitic rocks have been found, especially in the region
of Varberg. The Varberg charnockite consists of antiperthitic oligoclase, ortho-
clase, diopside, hypersthene, hornblende, garnet and some ore minerals in vary-
ing proportions. In some basic charnockites the hornblende dominates over the
pyroxene. The charnockites have originated through material exchange during
a metamorphism at great depth, high temperature, hydrostatic pressure and
very dry conditions.

Traces of this ultrametamorphism have also been found in northern Scania.

The Svionian Cycle

The term Svionian was introduced by J. J. Sederholm for part of the oldest
Archean rocks of Southern Finland including quartzites, schists and limestones
corresponding to part of the leptite system of Central Sweden. Sederholm, how-
ever, in his table showing the subdivisions and correlation of the Precambrian
rocks of Fennoscandia (1932) paralleled his Svionian quartzites with a number
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Fig. 7. Tuffitic hilleflinta, south of Brevik, parish of Grythyttan. Microfoto X
33. Small fragments of finely splintered pumice, recrystallized to an allotrio-
morphic mixture of quartz and felspar in a dense slaty mass. (After N. Sundius.)

of Swedish quartzites which have later been interpreted as much younger,
namely Gothian.

In 1936 the author redefined Svionian so as to comprise a complete petro-
logical cycle. The Finnish geologists use instead the term Svecotennian for this
cycle. This term was originally proposed by W. Ramsay (1909) for the old
orogenic belt stretching from southeastern Finland to eastern Virmland. W.
Wahl and H. G. Backlund (1936) widened Svecofennian so as to comprise the
whole orogenic cycle including the mentioned folding. The author has preferred
to use the term Svionian for the whole cycle also in the scheme for the new
map. The reader must always remember that the Svionian cycle in Sweden is
the same as the Svecofennian in Finland.

THE SVIONIAN ROCKS OF SVEALAND

The most thorough investigations within the large region of this cycle have
been made in the iron ore bearing region of Central Sweden. The supracrustal
rocks are here acid volcanics (so-called leptites and hilleflintas), very sub-
ordinate basic volcanics, slates, greywackes, quartzites, and conglomerates. To-
gether with the acid volcanics the iron ores, the limestones, and the dolomites
appear.

Nearly all iron ores poor in phosphorus in Central Sweden are originally
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Fig. 8. Quartzitic mica schist from the shore of lake Stora Norn, northeast of Smedjebacken.
Belongs to the Larsbo series. (After S. Hjelmqvist.)

sedimentary with limonite, perhaps also siderite as primary ore minerals. The
apatite iron ores, however, are subvolcanic intrusions near the earth surface.

The supracrustal rocks are best preserved in the Grythytte field. At the bot-
tom of the series there are halleflintas rich in sodium and with intercalated
layers of limestone and iron ore poor in manganese. Then follow hilleflintas
with potassium dominating over sodium and with intercalated layers of lime-
stones and manganiferous iron ores. Microscopic investigations have shown that
some of the halleflintas are lavas, others are tuffs. In the lavas there appear
phenocrysts of quartz and feldspars, micropoikilitic, granophyric, spherulitic
and fluidal structures. The tuffs often show good vitroclastic structure and a
distinct bedding. Coarse agglomeratic layers are frequent.

The sediment series above the volcanic rocks have usually been called the
Grythytte series. It begins with conglomeratic greywackes followed by a black
slate with intercalations of scoriaceous, spilitic greenstones and above this black
slate a grey slate and at the top a thick conglomerate.

The conglomerate is not found outside the Grythytte field. The other rocks
named above have been found in large parts of the ore-bearing region of
Central Sweden. Great differences have, however, been found regarding the
details of the stratigraphic scheme. The black slate may be lacking. The
scoriaceous greenstones can appear even in the greywacke and hilleflinta layers.
The sodic volcanic rocks may be intercalated with more potassic ones and the
latter can sometimes be dominant even in the lower part of the volcanic etage.
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Fig. 9. Map of the Svionian Larsbo region northwest of the town of Fagersta. The dolerites are of
Jotnian age. (After S. Hjelmqvist.)

Dacitic and andesitic volcanics have also been found here and there, especially
in the upper part of the volcanic stage.

The slates are in some regions replaced by quartzites and arkoses as in the
Larsbo series (between Norberg and Smedjebacken).

The slate and greywacke sediments are very extensive around Lake Malaren,
in what the author has called the Malaren synclinorium. Around this syn-
clinorium the volcanics are the dominant rocks, and the sediments appear
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preserved in larger and smaller synclines in this anticlinorium which the author
has called the Svealand anticlinorium. The structure forms a well-developed
horseshoe-shaped old mountain chain, which the Finnish geologist W. Ramsay
once called the Svecofennian mountains.

Through the Svecofennian folding processes the layers became more or less
elevated and steeply dipping as a rule. The synclines and anticlines often show
isoclinal dips. Some regions, however, show more moderate dips and more open
synclines and anticlines.

In connection with the folding the earliest Svionian granites appeared. These
form a differentiated series preceded by gabbros and diorites and beginning

2-—600370. S.G. U. Ser. Ba 16
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Fig. 11. Veined leptite gneiss. 2 km east of Valla, Skéldinge. (After N. H. Magnusson.)

with grey oligoclase granites followed by intermediate granites usually with
augen-granite texture, and terminated by red granites rich in microcline. In
the region of Norrtélje anorthite gabbros have been found which are some-
what younger.

Where these synkinematic granites dominate over the supracrustal rocks the
latter appear as larger and smaller remnants and often the original stratigraphy
can be followed in the granites as the remnants are still in their original po-
sitions. In the central parts of the granite bodies, where the temperature was
higher, homogeneization processes were predominant and the remnants disap-
peared.

Through more or less intensive folding and higher temperature in the regions
where the volume of synkinematic granites was larger, the supracrustal rocks
were pressed and recrystallized. The hilleflintas, that is the best preserved acid
volcanic rocks with dense ground masses, became altered to leptites. The leptites
have granoblastic structures. In the leptites and especially in the transitional
types phenocrysts can often be seen in the original lavas and bedding and ag-
glomeratic structure in the tuffs. In the gneissic leptites even these structures
have disappeared and it is only transitions to better preserved leptites in the

field that can be the proof of the volcanic origin.

The slates which in the Grythytte field are quartz-chlorite-sericite rocks often
with some felspar, have been altered to mica schists with biotite and such miner-
als as cordierite, almandite and andalusite in varying proportions. The black
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Fig. 12. Veined granite gneiss. 1.5 km NNE of Eriksberg, St. Malm. (After N. H. Magnusson.)

slates contain 1-—2 9 graphite. The original, very small graphite grains have
been replaced by larger and larger grains. The same minerals originate as in
the grey slates but the recrystallization seems to be somewhat delayed. The
clastic structure of the greywackes disappears where the recrystallization is
strong enough. The limestones and dolomites turned into crystalline rocks and
the impurities have, through reactions with the carbonates, given rise to skarn
minerals. Where limestones and dolomites appear together with “jaspilite” ores
skarn minerals such as garnet, pyroxene and amphibole have originated through
reaction between existing materials. Such skarns are called reaction skarns.
Solutions driven before the granite front have been the cause of the meta-
somatic alterations which have been summarized as magnesia metasomatism,
by which the leptites have been altered to mica schists usually characterized by
such minerals as cordierite, gedrite, andalusite, and almandite in varying pro-
portions. Where these alterations have been stronger the mica schists have gone
over to quartzites characterized by the minerals named above. The limestones
and dolomites reached by the solutions have been more or less replaced by skarn
minerals (tremolite, diopside, humite minerals, serpentine and so on) and im-
pregnated by pyrite, pyrrhotite, chalcopyrite, sphalerite, and galena. The sul-
phide ores of this type are in Sweden called sulphide ores of the Falun type.
Older skarn-iron ores have had their mineralogical composition altered. Besides
the minerals named above such minerals as anthophyllite and talc occur. Along
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the limestone, skarn, and iron ore boundaries mica-chlorite-talc “skols” have
originated.

The supracrustal rocks as well as the intrusive rocks mentioned above be-
came during an intraorogenic period intersected by greenstone dikes. Most of
them are now plagioclase-hornblende rocks with the ophitic texture preserved
here and there. These greenstones are without doubt old diabases.

In late Svionian time a sinking of a large part of Central Sweden occurred,
causing intense metamorphic processes. In the regions with the highest temper-
ature during this metamorphism the supracrustal rocks and above all the slate
sediments were altered to veined gneisses. Not only the supracrustal rocks but
in some degree also the older granites and the greenstone dikes named above
have been altered more or less. From small veins there are all transitions to
larger elongated concentrations of pegmatitic and granitic material. This granit-
ic material shows all transitions between types with gneissic texture and types
with granitic texture. That the alteration of the rocks to veined gneisses took
place in connection with transports of material on a large scale is quite clear
from the investigation of the limestones and iron ores within the area of the
veined gneisses. The limestones have been altered to coarse crystalline rocks
with abundant irregular spots and schlieren of skarn minerals formed through
reactions between the wandering solutions and the carbonates. The iron ores
have been impregnated with feldspar and altered in several other respects in
connection with internal material transport.

Outwards from the central part of the region of the veined gneisses, pegma-
tites and granites have a more and more independent and intrusive appearance.
These granites are called Stockholm granites (the even-grained types) and
Fellingsbro granites (the porphyritic types). These late-orogenic granites are,
even where they appear far from the veined gneisses, accompanied by a great
quantity of pegmatite. These granites are in the author’s opinion dome-shaped
diapiric superstructures with veined gneisses at depth. Much of the material in
these late orogenic granites has passed through the zone of the veined gneisses.
In its passage some material was removed from this zone and some was retained.
The zone of veined gneisses has thus acted as a kind of filter. The material
having passed through is that necessary for the development of the pegmatites
and the accompanying granites, i.e. above all silica and alkalis. The veined
gneisses on the contrary have been enriched in iron, magnesia and alumina,
causing the development of such minerals as almandite, cordierite, andalusite,
and sillimanite. These occur not only in the original slates but also in the
quartz-feldspar rocks, the original leptites and granites.

In the pegmatites, especially south and southwest of the Milaren syn-
clinorium, tourmaline, beryl, orthite, apatite, and fluorite are often found. Also
uranium minerals have been found associated with the late Svionian pegmatites
and granites. The iron ores of regions rich in such pegmatites and granites
have often been enriched in one or several of the minerals named above.

Scheelite and molybdenite are also found in the late Svionian granites and
pegmatites at some distance from the region of the veined gneisses. The only
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scheelite occurrence worth mining is Yxsjo, near Gréangesberg, where scheelite
occurs in an old limestone together with pegmatite material, garnet-heden-
bergite-amphibole skarn and fluorite.

South and southwest of the region of the veined gneisses there are fahlband-
impregnations of different sulphides: pyrite, pyrrhotite, sphalerite, and galena.
The largest of these occurrences is the sphalerite-galena ore in the Ammeberg
field which have been explained as impregnations along a local migmatite
front.
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Fig. 14. Revsund granite. Natural size. From the vicinity of the Revsund church.
THE SVIONIAN ROCKS OF CENTRAL NORRLAND

In Central Norrland the supracrustal rocks are greywackes and slates with
subordinate quartzitic intercalations. Volcanic rocks are very rare as also are
synkinematic granites. Late Svionian granites on the contrary occupy large areas
and appear outside these areas as isolated larger and smaller diapiric intru-
sions. In connection with these late-kinematic granites the sediments have been
altered to veined gneisses. Often there are all transitions between the granites
and the veined gneisses and it is quite clear that both are products of the same
palingenic processes caused by a regional sinking of the geosynclinal sediments
in this broad belt in which the layers strike in general from westnorthwest to
eastsoutheast. This geosyncline has its continuation in Central Finland on the
other side of the Gulf of Bothnia.

The sediments of this geosynclinal belt of Central Norrland are best pre-
served along the coast between the towns of Hiarnésand and Ornskéldsvik and
about 100 km from the coast in westerly direction. In this region the sediments
often have well-preserved bedding. Clastic grains are clearly visible in the grey-
wackes and quartzites. It was these relatively well preserved sediments the
author had in mind when he proposed the term Hdrné series.

The sediments of this series towards the north, west and south and also in a
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Fig. 15. Feldspathized and veined gneiss, derived from banded sediments W. Jarnis, Nordmaling
(After S. Gavelin.)

broad belt along the Angerman river pass into veined gneisses. These gneisses
must also be designated as Hiarn sediments. The veins consist of quartz-feld-
spar material that has been more mobile than the darker micaceous mass around
them. Together with biotite the veined gneisses and the relatively well pre-
served sediment often contain muscovite. The amount of muscovite is especially
remarkable in the region of the better preserved sediments. The late Svionian
diapiric granites within this region and in the regions around it are even-
grained rocks rich in microcline and muscovite. These granites have long been
called Héirno granites. It is a fact that the granites are rich in muscovite when
the surrounding sediments are rich in this mineral.

In the veined gneisses almandite, cordierite and andalusite have often been
found together with the micas, quartz and feldspars.

Towards the west and north the supracrustal rocks have been more and
more attacked by granitization and pass into granitic rocks rich in dark mica-
ceous “schlieren” which must be considered as remnants of the Héarné sedi-
ments. Successively these transition rocks pass into typical Revsund granites.
These granites are characterized of usually 2—5 cm large phenocrysts of micro-
cline in a groundmass of microcline, oligoclase, quartz and biotite, sometimes
also hornblende and garnet.

The Revsund granite has its largest extension in the northwestern part of
the geosyncline enclosing larger and smaller areas of sediments. Among the
sediments there are also some occurrences of basic volcanics. Towards the east
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the Revsund granite grades into a large region of veined sediment gneisses in-
truded by a great many smaller granites. The latter vary from typical Rev-
sund granite to even-grained types which have been called Skellefte granites.
They differ from the Harné granites in their low content of muscovite.

In good outcrops at the coast south-east of Nordmaling it has been possible
to study in detail the relation betwen the mica schist sediments, the veined
gneisses and the granites. The conclusion is that the Revsund granites originated
through alteration and mobilization of the sediments and that the veined
gneisses with their abundant pegmatitic veins and biotite-plagioclase-rich
material imply a metamorphic differentiation during which the more mobile
quartz-feldspar material separated and even could intrude into the surrounding
rocks and form hybrids.

If the veined gneisses have been formed through metamorphic differentiation,
the granites have been formed through homogeneization processes at higher
temperatures.

The Revsund granites and their even-grained and more fine-grained varieties
are associated with the geosyncline in Central Norrland and have, together
with the veined gneisses, been formed in connection with the sinking of the
geosyncline in late Svionian time.

THE SVIONIAN ROCKS OF SOUTHERN NORRLAND

The region between the geosyncline of Central Norrland and the Svealand
anticlinorium can be called the marginal zone of Southern Norrland. This zone
is, contrary to the geosyncline in the north, rich in volcanic rocks and in old
synkinematic granites. It seems quite clear that these rocks are older than the
sediments of the Harné series. The map also shows how different the region of
this series is in comparison with the region of the marginal zone. The boundary
between them can be followed from Jittendal on the coast north of the town
of Hudiksvall via Hassela and Mellansjé. Near north of this line an arkosic
quartzite, the Naggen quartzite, has its northern limit. In the eastern environs
of Mellansj6 the clastic structure is well preserved. Towards the east the rock
is also more and more strongly metamorphosed by metasomatic alterations in
connection with the palingenic processes that have occurred in this region in
late Svionian time. Through such alterations garnet, sillimanite, and cordierite
have been formed.

The Naggen quartzite has been interpreted as the basal sediments of the
Hérné series. There is much in favour of this interpretation. It is also possible
that some smaller synclines found along the coast south of Harménger can be
filled with Harné sediments and that quartzites corresponding to the Naggen
quartzite can be basal layers in the Harnd series also in these smaller synclines.
Large parts of the sediments in this marginal zone in southern Norrland must,
however, be older than the Hirné series, especially the sediments appearing
together with the acid volcanic rocks.

The sediments have in the whole marginal zone been altered more or less
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Fig. 16. Arkosic quartzite with extremely well upz{cserved bedding. Naggen. (After P. H. Lunde-
ar .

to veined gneisses. Only locally have gbettel)‘ preserved sediments been found, as
in the Hamrange and Los-Hamra regions. The dominating volcanic rocks are
acid and to be considered as more or less strongly altered leptites. Even the
latter are here usually developed as veined gneisses. In the leptite gneisses there
also occur limestones and iron ores of the same types as in the anticlinorium of
Svealand. The sediment and leptite gneisses have been intruded by elongated
synkinematic granites of the same types as in this anticlinorium south of the
marginal zone but here usually altered to gneisses. In subordinate amounts even
basic volcanics appear together with the acid leptites.

Late Svionian palingenic granites are nearly connected with the alteration
of the supracrustal rocks and the synkinematic granites to veined gneisses. They
appear as larger and smaller diapiric bodies especially in the southern part of
the marginal zone. Sometimes, as for instance around Bingsjé and Ljugaren,
the leptites and the synkinematic granites have been recrystallized and are so
coarse-grained that it is often very difficult to separate them from the palin-
genic granites.

In the northern part of the marginal zone the older granites have an ex-
tensive distribution and dominate over the other rocks. These granites have
been called red and grey Ljusne granites. Most often they are augen granites.
There are several field observations that support the opinion that this structure
is a palingenic one formed during the regeneration process in late Svionian
time. The even-grained old granites are also usually strongly recrystallized.

In two regions better preserved rocks have been found, as mentioned above.
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Fig. 17. The central and southern parts of the Hamrange syncline. Scale 1: 200 000. Terms con-

tained at the four columns of the legend, from the left to the right:
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Pyroxenitic gabbro. — Volcanic conglomerate. — Sedimentary gneiss, red grey. — Quartzite.

— Supracrustal greenstone. — Do, spilitic, calcite-bearing. — Tuffitic-argillitic rock. — Leptite
gneiss, red. (After P. H. Lundegardh.)

In the Hamrdnge region the supracrustal rocks form an open syncline. Old
granites and gneissic leptites form the floor. Above follows a nearly dense dark-
grey tuffitic volcanite and an effusive, most often scoriaceous and spilitic green-
stone. Then follows a dark-grey tuffite again. Together with the effusive green-
stones occur layers of quartzite and volcanic conglomerates.

In the Los-Hamra region four series have been separated, namely Sub-Los,
Lower Los, Upper Los and Noppi series. All these series have been considered
to be younger than the Svionian cycle. New investigations have, however, shown
that the two lower series are older than the late Svionian alterations and there-
fore must belong to the Svionian. They have now with their effusive green-
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Fig. 18. Volcanic conglomerate from the Hamréange syncline. Southwest of Norrsundet. (After P.
H. Lundegardh.)

stones, acid volcanics and sediments been placed side by side with the Ham-
range rocks described above.

The boundary between the veined gneisses in the southern part of the mar-
ginal zone and the relatively well preserved leptite—old granite complex in the
south is unusually sharp. The problem is if this boundary can be explained
as a limit for the palingenic processes only or if in addition it is the limit for a
nappe from the north. Another interesting problem must be mentioned. The
map shows clearly that the general strike from east-west north of Sandviken
bends towards the north-west and then follows this direction up to the Los-
region. In the anticlinorium of Svealand south of the gneisses the general
strike turns instead from east-west to south-west and then to south. The
author has therefore suggested that we have here two mountain ranges of which
the northern one is the younger.

P. H. Lundegardh has described the Naggen quartzite group as composed of
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Fig. 19. Polymict Vargfors conglomerate with large boulder of a porphyritic granite. W. Levattnet,
Mala. (After S. Gavelin.)

arkoses, arkosic quartzites, subgraywacke, mica schists very rich in silica, and
rare volcanics (mainly basic). In contrast to this miogeosynclinal facies in the
marginal zone the eugeosynclinal rocks north of the basal quartzite layers are
schists (metamorphic greywackes and clayey slates) with intercalations and
intermixings of rudaceous—arenaceous and basic volcanic rocks.

The serorogenic alterations are by Lundegirdh summarized as recrystalli-
zation of older microcline and sometimes of other minerals, migrations of potas-
sium and formation of new microcline granoblasts, intergrowths and porphyro-
blasts locally assembled to veins (migmatitization), mobilizations in the first
instance of silica and feldspar, either a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>