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Abstract 

The regional tectonic and metamorphic features common to western Bergslagen and to the region lying to 
the east are described. Metamorphic grade varies from low grade greenschist facies in the west to higher 
grade amphibolite facies in the east, where migmatized gneisses are also developed. Deformation is also 
stronger in the eastern region, where E-W trending isoclinal folds predominate, while N-S trending, more 
open structures are found to the west. Stratigraphic and lateral inter-relationships of the two regions indicate 
a volcanic proximal area in western Bergslagen, which fed tephra into a depositional basin to the east. 

Introduction 

This contribution briefly describes the inter-rela­
tionships between synvolcanic and syndepositional 
processes in the context of the regional geology of 
the Svecokarelian of southern central Sweden. The 
article does not intend to describe the regional 
geology of the region, but rather concentrates on 
some selected features, which have been under 
more or less continuous discussion among geol­
ogists working on the Bergslagen geology during 
the 1980's (e.g. Frietsch 1982, Oen et al. 1982, 
Baker 1985, Lagerblad & Gorbatschev 1985, Hel­
lingwerf 1986, Lundstrom 1987, Oen 1987) . It is 
based both on the recent, rather numerous publi­
cations concerning the geology of the region and on 
the author's own experience from mapping for the 
Geological Survey in the Hallefors-Lindesberg and 
Nykoping areas. For recent compilations of the 
regional geology, the reader is referred to Lundq­
vist (1979) or Lundstrom & Papunen (1986). The 

main features of the regional geology are summa­
rized in Figs 1 and 2. 

This paper compares two, more or less contrast­
ing regions of the Svecokarelian of southern central 
Sweden. These will here simply be called the 'west­
ern' and 'eastern' regions, respectively (Fig. 2) . 
The obvious type area of the western region is the 
classic Filipstad-Lindesberg area (Fig. 3), whilst a 
good type area for the eastern region is the Up­
psala-Nykoping area. 

Tectonic and metamorphic relationships 

A very obvious difference between the western and 
eastern regions is the generally higher regional 
metamorphic grade and stronger tectonic deforma­
tion to the east. Tectonic and metamorphic pro­
cesses were most intense in the Stockholm-Nykop­
ing area, where thoroughly migmatized gneisses of 
high amphibolite, low pressure type facies occur in 
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Fig. 1. Main stratigraphic features of the Bergslagen region. Anorogenic dolerites excluded. Cf. text. References for radiometric ages in 
Ma: 1655(Welin1980), 1734 (Aberg & Fredriksson 1984), 1841 (Oen & Wiklander 1982), 1850, 1946 (Aberg et al. 1983), 1854 (Welin & 
Stalh6s 1986), 1862 (Welin, Wiklander & Kiihr 1980), 1869 (Aberg & Stromberg 1984), 1900 (Aberg et al. 1984), 1898, 1886 (Welin, 
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Fig. 2. Geological sketch map of south-eastern middle Sweden. Eastern part of muscovite isograd drawn according to Stathos (1975, 
p. 67). 

an isoclinally folded pattern. The approximate out­
lines of the high amphibolite facies area are shown 
by the muscovite isograd, tentatively drawn in Fig. 
2. Also compare Table 9 of Lundstrom (1974) with 
Table 19 of Lundstrom (1983). Within the central 
parts of this area, east-west, isoclinal fold structur­
es seem to predominate, while north-south trend­
ing, isoclinal as well as more open fold structures 
appear to characterize the peripheral parts, ad­
joining to or within the lower grade areas. These 
north-south trending structures are persistently 
overturned towards the west, reflecting an east-

west compression (Fl). Once these folds were cre­
ated, a north-south commpression (F2) imposed a 
regional, east-dipping lineation on their limbs and 
probably created the east-west structures of the 
Stockholm-Nykoping area as well (Sta!hos 1984). 
The maximum age of these deformations is 
1854 Ma, since this is the age of a pegmatite of 
supposed primorogenic age, affected by both Fl 
and F2 (Welin & StalhOs 1986) . As the regional 
metamorphic textures tend to overprint and heal 
deformational textures, and because metamorphic 
isograds frequently crosscut fold structures, the re-
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gional metamorphism necessarily outlasted defor­
mation. 

An important question is how far west into the 
low-grade, and in part only weakly deformed west­
ern region (Fig. 3) these regional tectonic and 
metamorphic features can still be recognized. Al­
so, how far can we discriminate between regional 
metamorphic assemblages and textures and syn­
volcanic or syndepositional alteration features, and 
how can we distinguish structures resulting from 
regional compressional tectonics and those which 
might be expected to result from the extensional, 
rift-related tectonics proposed by Oen et al. (1982) 
and Oen (1987)? A problem is that the structural 
features expected to be generated by extensional 
tectonics, which now should be reflected in the 
regional structural geology of Bergslagen, have 
never been manifestly stated. Presumably, the sole 
fold structures that could be generated by exten­
sional tectonics would be local, syndepositional, 
isoclinal folds, characterized by their lack of re­
gional consistency. Therefore, regional compres­
sive tectonics should have predominated in areas 
where regionally consistent, isoclinal, overturned 
folds prevail. This argument seems particularly val­
id in areas between the presumed rifts or synclines, 
because such folds must be more likely to occur 
within an overturned anticline than within a horst, 
in which gravity-generated, more or less syndeposi­
tional folding can be excluded. In the Lindesberg 
area, compressional tectonics are thus certainly 
still recognizable in both the Stalldalen and Guld­
smedshyttan synclines as well as in the adjacent 
Vasselhyttan anticline, because these are all isocli­
nal and overturned to the west (Lundstrom 1983, 
1985, Figs 5 and 27), in conformity with large areas 
to the east. The nearby Gransjon syncline is a 
rather open, but still partly overturned synformal 
structure, open to the south, which likewise seems 
more compatible with folding than with rifting. 
East-dipping, planar and linear penetrative struc­
tures which are predominant in the east seem to 
prevail for some further ten kilometres to the west, 
but their relation to fold geometries is unknown so 
far. However, in the heavily foliated area to the 
north of lake Grecken (Fig. 3) a small granite body 
is penetratively lineated by east-dipping lineations, 

which seems easiest to reconcile with the regional 
east-dipping lineation pattern of the eastern re­
g10n. 

Helmers (1984) demonstrated that the synvol­
canic alteration patterns become increasingly over­
printed by regional metamorphic recrystallization 
in an eastward direction, in the Grangen area. This 
area largely coincides with the westernmost limit of 
regional amphibolite facies metamorphism (cf. 
Fig. 3). In this area, regional metamorphic alter­
ation thus actually increases stratigraphically up­
wards, towards the Stalldalen syncline. Therefore, 
regional metamorphism was necessarily late- to 
post-deformational here too. The mineral ages 
from this area, determined by Moorman et al. 
(1982) to 1.83 Ga, are therefore certainly meta­
morphic ages. Similar, regional metamorphic over­
printing of earlier textures can occasionally be rec­
ognized also elsewhere on the low-metamorphic 
side of the muscovite isograd (e.g. the Uppsala 
area, Stalhos 1972). 

Despite the different regional tectonic and meta­
morphic development of the eastern and western 
regions, patterns typical of the former region can 
thus easily be recognized deep within the latter. 
Therefore, it is reasonable to assume that the two 
regions had largely the same tectonic and meta­
morphic history with no major discordancy sep­
arating them. Consequently, attempts at strati­
graphic correlations are both justified and desir­
able. 

Stratigraphic and lateral relationships 

The major stratigraphic and lateral difference be­
tween the east and the west is that metasediments 
are much more common in the east, where they 
also clearly underly the meta-volcanites (Fig. 1). 
This is best documented on Uto island in the Stock­
holm archipelago (Gavelin et al. 1976, Stalhos 
1982), but is also observed as far west as in the 
Norberg (Ambros 1983), Zinkgruvan (Wikstrom, 
pers. comm. 1985) and Falun (Kresten 1986) areas. 
This probably reflects an eastward deepening and 
widening of the depositional basins, which was also 
suggested by Gorbatschev (1969) from inter alia the 
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provenance of conglomerate pebbles north of Ore­
bro. Likewise, both Geijer (1967) and Sundius 
(1970) pointed out that sedimentation in the west 
(e.g. Grythyttan), at least commenced in smaller 
basins than in the east. 

The meta-volcanites of the two regions also dif­
fer in several respects. More or less alkali interme­
diate to potassic, rhyolitic tuffites predominate 
among the acid volcanites in the east (Stalhos 1975, 
1979, 1982). These tuffites apparently correspond 
to the tuffites in the upper parts of the volcanic pile 
in the western area, whereas the more or less sodic, 
coarser grained pyroclastic rocks of the lower part 
of the western sequence are rarer in the east. As the 
coarser grained pyroclastics in the west presumably 
reflect a closer proximity to the volcanic source 
area, a westerly provenance can also be inferred for 
the finer grained volcanites in the east. 

Another difference is that intermediate and ba­
sic meta-volcanites become more frequent in the 
east (cf. Geijer 1967). Consequently, the bimodal 
volcanite chemistry of the western area (Van der 
Velden et al. 1982), thought to indicate magmatism 
in an extensional regime, becomes less obvious in 
the east. Thus, the mildly alkaline volcanism in the 
west, meets a more calc-alkaline one here, which 
probably emanates from eastern volcanic centres. 
Recent trace element studies by Lagerblad (1987) 
in the Filipstad-Garpenberg part of the western 
area would support this idea. 

As sodium and magnesium enrichments are 
thought to depend inter alia on hydrothermal con­
vection due to high volcanic heat flows (Frietsch 
1982, Baker 1985, Lagerblad & Gorbatschev 1985) 
it is not surprising to find such alterations largely 
confined to the western, presumably more proxi­
mal area. Likewise, syn-volcanic stratabound min­
eralizations, and related crosscutting mineralizing 
and alteration systems, which demand good access 
to volcanic heat for their creation, seem to be con­
fined to the western region. 

Although a pre-existing basement for the Sveco­
karelian supracrustals has never been identified, 
the voluminous acid meta-volcanites indicate a pre­
existing, continental, felsic crust (Frietsch 1982, 
Vivallo & Rickard 1984, Baker 1985). Studies of 
REE enrichment patterns by Rickard (1981) and of 

lead isotope relations by Johansson & Rickard 
(1985) also indicate a pre-existing continental crust 
in the region. The age of this crust is unknown so 
far, but Sm-Nd studies by Beunk et al. (1985) and 
Patchett et al. (1987) exclude a significant contribu­
tion of Archean crust in this part of the Svecokare­
lian. A basement of Proterozoic age was instead 
indicated by Aberg (1978) and Aberg & Persson 
(1984), who found that the provenance area of the 
detrital zircons in the Vastervik and Vetlanda 
metasediments is 2200-2500 Ma old. Patchett et 
al. 's as well as Huhma's (1986) Sm-Nd data instead 
record an increasing contribution of Archean crust 
towards the northeastern part of the Svecokarelian 
sedimentary basin in central Sweden and Finland. 
This apparently reflects the increasing provenance 
from the Archean basement in northern Sweden 
and Finland. 

Conclusion 

In summary, western Bergslagen seems to repre­
sent a continental margin, proximal to an area of 
active volcanism on the western fringe of a large 
depositional basin to the east. This basin apparent­
ly covered large areas of central Sweden and Fin­
land, where volcanites were occasionally interbed­
ded with the sediments. In Sweden (e.g. the Up­
psala-Nykoping area), the volcanites are dominat­
ed by rhyolitic tuffites, which are presumably distal 
in relation to the acid volcanic centres in western 
Bergslagen. Towards the east, and particularly in 
Finland (cf. Ehlers et al. 1986) intermediate and 
basic volcanites become increasingly frequent. 
These are occasionally beautifully pillowed lavas 
and are therefore considered rather proximal in 
relation to an eastern, intermediate to basic volcan­
ic area. The basin was bordered to the north and 
northeast by an Archean basement. 
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