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An extensive suite of exhalites of sub-economic potential occurs in a succession of Lower Proterozoic 
quartzofeldspathic gneisses in the Ljusnarsberg district , central Sweden. Previously economic varieties 
include Fe-Mn oxides, silicates, and carbonates, Cu-Pb-Zn bearing and W bearing rocks all of which have 
been mined in the past. 

The stratigraphic succession of the Ljusnarsberg-Stalldalen area is conformable and changes from a lower 
metavolcaniclastic pile of >5 km thickness (the Kumlan Group) to a mixed metavolcanic and metasedi­
mentary sequence (the Stiilldalen Group). To the east the mixed metavolcanic and metasedimentary 
succession (the Wigstrom Group) is thought to be stratigraphically equivalent to the Upper Kumlan Group 
and Lower Stalldalen Group. 

The Kumlan Group is dominated by primary rhyodacitic volcaniclastic material partly subaerial. The rapid 
decline in volcanism is coeval with an increase in the sedimentary component and marks the conformable 
contact of the upper and lower groups. The dominantly stratabound mineralization is concentrated in two 
main ore horizons in the upper group: (1) a lower Cu-Pb-Zn sulphide-rich horizon with some magnetite and 
(2) an upper Fe-Mn enrichted horizon. The ore deposits are spatially associated with the metamorphic 
equivalents of a variety of elastic and chemical sediments including quartz-feldspar-biotite rocks, with minor 
calcite, hornblende, garnet , pyroxene, epidote and magnetite; quartz-K feldspar-plagioclase-garnet-amphi­
bole-pyroxene-calcite-epidote- biotite rocks with minor chlorite, apatite and sphene; and pyroxene-epi­
dote-K feldspar rocks. 

The varied chemistry of both ores and barren chemical sediments suggests the palaeoenvironment was 
continental with minor basinal development. Composition and pathways of the circulating fluids were 
restricted causing sharp changes in chemical precipitation. Clastic sediments are not common and reflect a 
low energy environment starved of sediment. Subsidence seems to have been the overriding tectonic trend. 

Introduction 

The close association of complex exhalite horizons, 
the exogenous end-products of syndepositional hy­
drothermal activity (Oftedahl, 1958; Hutchinson, 

1982) with stratiform base metal sulphide deposits 
and hydrothermal alteration processes are charac­
teristic of Broken Hill-type mineralization (Plimer, 
1984, 1986; Rickard, 1987; Parr & Rickard , 1987). 
The exhalites are of the sulphide, oxide, carbonate 
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and silicate facies and have been affected by hydro­
thermal alteration, diagenesis and metamorphism 
to varying degrees. Exhalites of the silicate facies 
include cherts, magnetite-calc-silicates, W-calc-sil­
icates, quartz-garnet rocks and mixed silica-car­
bonate facies. Ba rich calc-silicates, gahnite-quartz 
rocks and B, Mn, and F enriched rocks are amongst 
other exotic mineralogies reported for the Broken 
Hill exhalites (Plimer & Lottermoser, 1987). The 
deposits commonly coincide with major changes in 
the depositional environment. Most commonly 
they occur at the waning stages of felsic and felsic­
mafic bimodal volcanism and the onset of quiescent 
(:sulmyueuus) cumliliuus. Piult:iuzuil: examples in­
clude the Broken Hill deposit itself (Barnes, 1980); 
Gamsberg and Aggeneys, Namaqualand (Ryan et 
al. , 1982); Salida, Colorado (Boardman 1986, 
Boardman & Condie 1986) the Blacklite Prospect. 
New Mexico (Fulp & Renshaw, 1985) and the 
Dammberg deposit and Alvlangen-Vikern areas in 
western Bergslagen (Arvanitidis & Rickard, 1981; 
Hellingwerf et al., 1988). 

Arvanitidis & Rickard (op. cit.) suggest ore dep­
osition in these environments is a function of pres­
ervation potential rather than deposition. Metal­
liferous rocks are found , therefore, where deposi­
tion (precipitation) exceeded erosion. Also con­
centration of the ore is dependent on relative rates 
of rock deposition: high rates of sedimentation, for 
example in volcanically active areas, will cause dis­
sipation of the metalliferous precipitates ( C.J. Car­
lon, pers. comm., 1987). 

The metasediments associated with an example 
of Early Proterozoic base metal sulphide mineral­
ization from the Ljusnarsberg-Stiilldalen district 
are considered in this paper. They occur at the 
stratigraphically conformable contact between a 
lower felsic volcanic pile and an upper mixed meta­
sedimentary and bimodal metavolcanic sequence. 
The metasediments are stratigraphically equiva­
lent to a thin metalliferous horizon consisting of 
lenses of Fe- Cu- Pb- Zn sulphides with locally con­
centrated magnetite and scheelite. 

Regional geology 

The Bergslagen Ore Province has been regarded as 
the southernmost terrain accreted to the Archaean 
nucleus to the northeast during the Svecokarelian 
orogeny (2.2-1.75 Ga) resulting in the formation of 
the Fennoscandian Shield (Hietanen, 1975; Rick­
ard, 1979: Fig. 1). It is bounded to the southwest by 
a belt of younger granitoids, the Trans-Scandina­
vian Belt which defined the shield margin during 
the Middle Proterozoic (1.7- 1.6 Ga; Nystrom, 
1982; Gaal & Gorbatchev, 1987). To the north the 
province is bounded by the migmatised greywackes 
and late orogenic S-type granitoid massifs of the 
Bothnian Basin. The ore province (sensu Lato) can 
be extended across the Baltic Sea into that of south­
west Finland (Lundstrom & Papunen, 1986; Lund­
strom, 1987) which includes the Orijiirvi deposit. 

Bergslagen is dominant by granitoid intrusives. 
They have been subdivided into older primorogen­
ic (syn-volcanic) and younger serorogenic intru­
sions dated between 1.8-1.9 Ga (Aberg et al., 
1983, 1984; Welin et al., 1980). There appears to be 
a continuous history of magma intrusion through­
out this time and they can no longer be regarded as 
separate groups (Baker et al., 1987). The Bergslag­
en supracrustal series, as defined by Oen et al., 
(1982), are preserved as enclaves of varying size 
caught up in the intrusives and consist of volcanose­
dimentary successions; they are commonly miner­
alized and contain deposits worked since at least 
medieval times e.g. Falun and Sala. One such su­
pracrustal enclave in western Bergslagen is the 
Ljusnarsberg-Stiilldalen district. 

The Ljusnarsberg-Stiilldalen district lies 10 km 
south of the Granges berg magnetite-apatite depos­
it, and 30 km southeast of the Yxsjoberg scheelite 
deposit. No deposits are currently worked but sev­
eral mines have been important at different times. 
Fe-Mn (magnetite) ores were worked at Stiillberg 
and Stiilldalen by the Stora Kopparberg AB until 
1978 and were iron ore producers for 110 years 
(Grip, 1978). Base metal sulphide deposits, owned 
by Boliden AB, were worked at Ljusnarsberg (un­
til 1975) and Kaveltorp (until 1974); Ljusnarsberg 
boasts the first Swedish mine map (Grip, op. cit.). 
The Finngruvan Cu- Fe deposit was a major Cu ore 
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Fig. 1. Major geological terrains of the Fennoscandian Shield and major locations in western Bergslagen (inset) . 

producer for central Sweden in the medieval times 
but work ceased in 1876 (Carlborg, 1934). Recently 
tungsten has become the most economic resource 
in the area as scheelite and the small deposits at 

Wigstrom (1978-1981) and Algfall (1970-1971) 
were exploited briefly. The ores were economically 
viable because of the proximity of the mill at Yxs­
joberg. 
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Local geology 

The stratigraphic succession in the Ljusnarsberg 
district is approximately 15 km thick and is dom­
inated by a fault bounded syncline (Fig. 2). The 
tight F1 fold which defines the syncline (Lund­
strom, 1985) has a near horizontal axis doubly 
plunging and closing to the north and south (Nisca, 
1981; in Lundstrom, 1985). It is cut by a major 
sub-parallel N/S lineament which can be traced for 
some distance (C.J. Carlon pers. comm., 1986). 
The extent of vertical and lateral movement along 
the zone of faulting is unknown but several small 
NW/SE faults of limited dextral slip are thought tu 
be associated with it (Fig. 2). F2 folds are more 
open and have steeply dipping east-west axes, they 
are associated with some faulting (there is minor 
shear movement along fault planes). 

Two major lithostratigraphic groups have been 
recognised (Parr & Rickard, 1987; Parr, in press): a 
lower metavolcanic dominated group, the Kumlan 
Group, and an upper mixed metasediment and 
metavolcanic group, the Stalldalen Group (Fig. 3). 
Metamorphic grade increases from west to east 
from upper greenschist to lower amphibolite fa­
cies. East of the synclinorium and the zone of N/S 
faulting lies a more complex mixed metasediment­
metavolcanic group, the Wigstrom Group. This 
group was intruded by the post-orogenic Malings­
bo Granite and was subject to upper amphibolite 
facies metamorphism and intense deformation. 
Stratigraphically the status of the Wigstrom Group 
is uncertain but its succession of metavolcanic to 
metasediment dominated rocks suggests it is equiv­
alent to the upper part of the Kumlan Group and 
lower Stalldalen Group and is coeval with the base 
metal mineralization in the lower Stalldalen Group 
(cf. Lundstrom, 1985). 

The Kumlan Group is dominated by a 5 km thick 
pile of felsic volcanic material with occasional mi­
nor mafic episodes and rare intercalated metasedi­
ments. The lower part of the Kumlan Group is 
dominated by massive pyroclastic deposits with few 
depositional bedforms and probably represents 
several episodes of major ash fall or flow during a 
very active volcanic episode. The upper part of the 
group, the Abborrtjarn Tuff Member, (Fig. 4) is 

interpreted as subaerial (Parr & Rickard, 1987) and 
has been correlated tentatively with a major sub­
aerial unit, the Holmsjo Formation to the east near 
Malingsbo (Ambros, 1983). 

The Abborrtjarn Tuff Member contains both 
massive and planar beds. Contacts between beds, 
which are 10-40 mm thick, are sharp and are de­
fined by changes in quartz and feldspar crystal size 
(recrystallised) and composition i.e. biotite con­
tent (aligned to schistosity). Fine laminations are 
absent and internal sorting of beds is rare . Primary 
quartz eye phenocrysts are abundant. They are 
concentrated in, but show no sorting within, indi­
vidual horizons. There docs, however, appear to 
be an overall trend of upwards thinning of horizons 
and an increase in biotite content of the rock. Ero­
sional surfaces, indicative of a high energy envi­
ronment are not common but do occur in the lower 
succesion suggesting some topographic relief at 
that time. Primary textures and structures observ­
ed in the member indicate volcanism was explosive 
and built up a thick pile of rhyodacitic tuffaceous 
material fairly rapidly. They are interpreted as sub­
aerial pyroclastic fall deposits of minor or distal 
Plinian volcanism (Sutheren, 1985; Parr & Rick­
ard, 1987). 

Metasediments within the Kumlan Group occur 
as minor lens-like horizons spatially and tempo­
rally restricted within the stratigraphy. They plau­
sibly represent pauses in volcanic activity and are 
frequently metalliferous: Fe (magnetite-pyrrho­
tite) , Cu-Fe. The Kumlan Group is overlain by the 
Stalldalen Group (Fig. 3), the contact being grada­
tional over 250 m. The stratabound mineralization 
occurs above this contact (Fig. 3). 

The distinct change in environment of deposition 
is reflected in the change in lithologies , from the 
metavolcanics of the Kumlan Group to the meta­
volcanics and metasediments of the Stalldalen 
Group. It appears to have been crucial for the 
formation and preservation of the metalliferous 
deposits (cf. Arvanitidis & Rickard , 1981) . Almost 
immediately above the contact region there is a 
marked increase in thin ironstones (as defined by 
Klein, 1973) finely interbedded with other meta­
sediments. The contact region between the groups 
is characterised by finally bedded metasediments 
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Fig. 2. Geology of the Ljusnarsberg-Stalldalen district showing the Stalldalen Mineralized Zone. Key: (1) Andalusite schist; (2) 
meta-argillite; (3) Carbonate; (4) Coarse pyroclastics; (5) Amphibolite; (6) Fine-grained, mixed metavolcanic and metasedimentary 
rocks; (7) Stalldalen mineralized zone Upper/Lower; (8) Abborrtjarn tuff member; (9) Biotite schist; (10) Lower Kumlan Group; (11) 
Wigstrom Group; (12) Early-orogenic granite; (13) Late-orogenic Malingsbo granite; (14) Tungsten, magnetite, sulphide deposits; (15) 
Faults. 
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Fig. 3. Lithostratigraphy of the Ljusnarsberg-Stalldalen district. 



Fig. 4. Subaerial pyroclastic fall deposits, east of Lake Ljusnarn. 
The beds are unsorted, planar and have sharp contai:-ts. Bl'.'ds arl'.' 
defined by relative contents of biotite. 

of both elastic or detrital origin and chemically 
precipitated rocks. It is these rocks which are de­
scribed below. 

Commonly the rocks fluctuate between elastic 
and chemically precipitated metasediments on a 
centimetre scale. The precise changes in mineral 
assemblages, from quartz-feldspar-biotite ( +/­
zircon) horizons (frequently <1 mm thick) to car­
bonate and calc-silicate dominated horizons (Fig. 
5), and the concentration of zircons interpreted as 
detrital (see below) , suggests the banding is pri­
mary sedimentary bedding. Chemically precipitat­
ed metasediments (in particular calc-silicate-rich 
assemblages) are volumetrically most important 
near regions of ore deposition. In these regions 
post depositional alteration (hydrothermal) pro­
cesses are most intense. These beds mark the be­
ginning of the Stalldalen Group. The sedimentary 
component increases in importance up stratigraphy 
and culminates in an alumina-rich meta-argillitic 
horizon (andalusite schist; Fig. 3) . Volcanism de­
creases and is increasingly bimodal in composition. 
Bimodal composite intrusives of limited extent 
( <3000 m2) also occur (compare also with the oc­
currence of composite dykes at Grangesberg to the 
north: Back, pers. comm., 1985). 

Two major occurrences of concordant strata­
bound mineralization occur in the lower part of the 
Stalldalen group, they are: 

(1) a lower Cu-Fe-Pb-Zn-(W-Mo) sulphide-rich 
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Fig. 5. Very finely banded elastic sediments intercalated with 
r.h,,mic~lly pr,,cipitM"rl <"'.~rhon~t,,s . \.!~stir. mM"ri~I is <lerived 

from the underlying volcanic pile; it marks the onset of quiet 
shallow subaqueous conditions and the waning of explosive 
volcanism. 

zone composed of small lenses of carbonate 
and calc-silicate hosted base metal sulphide 
ores, and 

(2) an upper Fe-Mn oxide (magnetite) dominated 
zone of larger extent and thickness. 

Primary depositional structures preserved in the 
rocks associated with the lower zone of mineral­
ization indicate mineral deposition was in a shallow 
subaqueous environment associated with hydro­
thermal activity. Such a view is supported by petro­
graphic and geochemical evidence, and is discussed 
in more detail below. The upper zone has few 
primary depositional structures but the dominant 
carbonate-magnetite rock indicates deposition was 
in an aerated subaqueous environment. 

Other mineralized occurrences are found 
throughout the stratigraphy and include the base 
metal deposits at Finngruvan, Kaveltorp and Ljus­
narsberg, and the W-skarn deposits at Wigstrom 
and Algfall dicussed above. 

The Lower Mineralized Zone 

The ore deposits of the lower zone are commonly 
hosted in carbonate rocks and are locally tecton­
ically lensoid in form (the Stangfallet deposit is a 
typical example: 25 x 15 x 50m). The metallife-
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rous sulphide-rich rocks have varying proportions 
of pyrite, pyrrhotite, chalcopyrite, galena and 
sphalerite with minor molybdenite, arsenopyrite, 
and reported boulangerite, native antimony and 
bismuth (Hubner, 1968). Associated wall rocks in­
clude garnet-biotite schists, garnet-anthophyllite 
rocks and quartz-K feldspar-epidote rocks. 

The mineralized lenses are truncated by several 
minor faults orientated at 45° to a major Dz NE/SW 
fault zone (Fig. 2). The stratigraphic extent of the 
zone is unclear: deposits in the Horken-Yxjoberg 
(W-Mo) ore field to the north are dispersed and 
there has been remobilisation of the sulphide ores 
(Pa11' 1988). Tu ll1t: suulh lhe Wile is cul uy lhe Dz 
NE/SW fault zone (Fig. 2). Its possible contin­
uation, however, may be represented by the Kavel­
torp and Ljusnarsberg base metal sulphide deposits 
(Fig. 2; Parr, 1988). 

Metal ratios vary within the mineralized zone, 
Cu-Zn- Pb ores occur towards the northern (Blyb­
erg) and southern margins (Stangfallet; Fig. 2). 
Both are associated with garnet-biotite-anthophyl­
Jite rocks and the metasediments described below 
(in particular groups 2 and 3; see below) . The 'cen­
tral' part of the zone, as it occurs now, is enriched in 
Fe and Cu. Fe is as magnetite with only minor 
pyrrhotite. These metalliferous rocks are common­
ly associated with hornblende-rich rocks. The zon­
ing observed here is similar to that noted for the 
Early Proterozoic stratiform base metal exhalative 
deposit at Pegmont, Australia (Stanton & Vaugh­
an, 1979). Stanton & Vaughan (op. cit.) suggested 
the changes defined a palaeobasin with changing 
depositional environments away from the centre. It 
must also reflect distance, or relationship to, or 
variation of, the circulating hydrothermal fluids. 

Metasediments associated with the Lower Mineral­
ized Zone 

The deposits are underlain and interspersed with 
metasedimentary rocks of three main types: 

(1) very finely banded quartz-feldspar-biotite­
( calcite-hornblende-garnet-pyroxene-epidote) 
with some magnetite-rich beds <20 cm thick 
(Fig. 5). 

(2) well banded rocks of variable mineralogy. 
Bands consist of differing amounts of quartz-K 
feldspar-plagioclase-garnet-amphibole-pyrox­
ene-calcite-epidote-biotite-chlorite-apatite­
sphene (Fig. 6) . 

(3) distinctly banded pink and green rocks consist­
ing of K feldspar, epidote and quartz (Fig.7). 

Rocks of the first group are most commonly, 
though not exclusively, the furthest away from 
mineralized occurrences. They are particularly fine 
grained (0.01-0.1 mm). Fine scale compositional 
banding (0.2-1.0 mm); Fig. 5) is interpreted as pri­
mary ueJJiug uecause uf lite very fiue layeriug, 
graded bedding and rare symmetrical ripple struc­
tures which are observed. They indicate deposition 
was in a shallow subaqueous, quiescent environ­
ment. The rocks have a simple mineralogy; they 
are predominantly quartz-feldspar-biotite with mi­
nor horizons rich in calcite (Fig. 5) , amphibole 
(hornblende), zircon and magnetite . Relict quartz 
eye phenocrysts and zircon crystals are interpreted 
as detrital. The metasediments of the first group 
are, therefore, probably derived by reworking of 
the underlying metavolcanic rocks. 

Well banded rocks with more variable mineral­
ogies of the second group occur stratigraphically 
below and laterally equivalent to rocks of the first 
group. They are dominated by Ca-rich minerals, in 
particular calcite and calc-silicates such as epidote, 
Ca am phi boles. , Ca pyroxenes and garnets. 

Banding in the rocks of the second group is again 
due to compositional and grain size changes (Fig. 
6). However, the paragenesis is a metamorphic 
one: crystals have equilibrium textures and there is 
porphyroblastic development of magnetite. Micro­
probe analyses indicate that the amphiboles are 
ferroactinolite to hornblende, indicating that meta­
morphism was at greenschist to amphibolite grade. 
The are rich in Ca, Fe and Mn and are aligned 
parallel to schistosity. Pyroxenes are less common 
~5%) but are enriched in Ca and Fe; they are 
ferrosalitic to hedenbergitic. The garnets are pale 
red in colour and are enriched in Ca and Mn. 

Although the mineralogy is a metamorphic one, 
banding (which is as fine as 0.25 mm) is interpreted 
as primary bedding. Crude grading is evident in 



Fig. 6. Well banded carbonate rich rock with variable mineralo­
gy including am phi bole, pyroxene and epidote. In situ breccia­
tion of individual layers (right of picture) is inlerpreled as syn­
sedimentary deformation. Bars measure 2 mm wide each . 

thicker bands on a scale of 20-50 mm from Fe-rich 
to Fe-poor and is reflected in the epidote content of 
the carbonate bands (Fig. 6). Garnets commonly 
form crystalline layers ~5-15 mm thick and have a 
bulbous concretionary morphology (Fig. 8). The 
garnet layers are mantled stratigraphically above 
by variable quartz-feldspar-ferroactinolite layers 
but do not disturb the quartz-K feldspar-carbonate 
layers below. Perpendicular microfractures cross­
cut the garnet and are filled with quartz and feld­
spar. Other bands are not fractured suggesting ex­
tensional brittle failure was concentrated in the 
garnets, or their precursors, either as post lith­
ification extensional movement associated with re­
gional deformation along a preferential layer, or 
brittle failure during diagenesis of a partially lith­
ified colloidal accumulation of, for example, Fe­
Mn silicate gels (Stanton, 1976). The bulbous tex­
tures observed on the upper surface of the garnet 
layer are similar to those seen in primary evaporitic 
deposits (Kendall, 1984). 

The two rock groups (1) and (2) above are closely 
related in the field and in places are intercalated. 
They are interpreted as representing fluctuating 
periods of elastic sediment input overprinting prob­
ably continuous chemical precipitation. The chem­
ical precipitates observed, therefore, formed dur­
ing periods of sediment starvation, brine concen­
tration and/or increased hydrothermal activity. 
The presence of barren carbonate horizons (Fig. 5) 
reflects the apparent indepedence of carbonate 
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Fig. 7. Di3tinctly banded K fcld3par-cpidotc quartz rock3 in 
terpreted as hydrothermally altered metasediments (sample 
580; see text). 

precipitation of metal enriched exhalative solu­
tions and the depandence on additional pulses of 
hydrothermal activity for the formation of metal­
liferous precipitates. 

Banded rocks consisting of K feldspar, epidote 
and quartz (group 3) are considered to be chemical 
sediments which have been subject to potassic hy­
drothermal alteration (Browne, 1978; Rose & 
Burt, 1979). The fine banding observed reflects 
primary compositional bedding so that these rocks 
are thought to be the hydrothermally altered equiv­
alent of the elastic and chemical sediments de­
scribed above. The bands have sharp contacts and 
show some cyclicity (Fig. 7) . They can be divided 
into two main mineral assemblages : quartz-K feld­
spar-epidote (+/- fluorite-Fe Ti oxides) and epi­
dote-pyroxene (hedenbergite ). Bands are not equi­
granular and do not show equilibrium textures al­
though epidote rich bands tend to be coarsest and 
are made up of subhedral crystals. 

Epidote in group (3) rocks are very Fe-rich con­
taining up to 12.5 wt% Fe20 3; there is also enrich­
ment in Ca ( <23.8 wt% CaO: Parr, unpub. data). 
They are pale green in colour and form subeu­
hedral prismatic crystals. The pyroxenes are ferro­
salitic in composition and are Ca enriched 
( < 16.6 wt% CaO). They are anhedral and com­
monly altered along their margins to a Ca-rich ma­
terial. K feldspar is fine to coarse grained micro­
cline. It is anhedral and porphyroblastic (some in-
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Fig. 8. Well banded calc-silicate rock consisting of garnet, horn­
blende, epidote, pyroxene, calcite, quartz and feldspar (sample 
106; see text). 

clusions of epidote and quartz) to fine grained. 
Unlike K feldspar, quartz is nearly all fine grained 
and has recrystallised as a function of metamor­
phism; it shows no undulose extinction or other 
strain indicator. 

Geochemistry of the metasediments 

For this study twelve samples were selected from a 
large set of specimens taken from the Ljusnarsb­
erg-Stalldalen area: four for each rock group. They 
were analysed using the XRF spectrometer (Philips 
PW1400) at University College, Cardiff. Major 
elements were determined using fused beads and 
minor elements with pressed powder pellets. All 
iron data were measured as Fe20 3 (Table 1). At­
tempts were made to select representative samples 
despite the variable mineralogy and in some cases 
subdivisions were made according to varying dom­
inant mineralogy within the rock specimen (sample 
106: 1062 & 1066, sample 580: 5801 & 5802: Table 
2). 

Metasediments of group (1) have major element 
chemistries dominated by silica (average 
70.16 wt% Si02) and alumina (average 12.19wt% 
Al20 3) and this is reflected in their most common 
quartz-K feldspar-biotite mineralogy. The rocks 
have total alkali contents reflecting their high feld­
spar content (although lower than rocks of group 
(2)). Group (1) rocks also have trace Cu unlike the 
more altered rocks in groups (2) and (3) . The ele-

ments Pb, Zn, Ni, Co, Cr, Sand Cl are present in 
significant amounts compared to rocks of the other 
groups (Table 1). 

Rocks from group (2) have lower silica (average 
58.24wt% Si02) and alumina (average ll.86wt% 
Al20 3) than those of group (1) . The observed cal­
cite, calc-silicate-rich mineralogy is reflected in the 
high Ca content (average 13.73wt% CaO). The 
calc-silicates are Fe (-Mn) enriched and this is 
seen in the high Fe ( 6. 91 wt% Fe20 3) and Mn (aver­
age 0.85 wt% MnO) . Total alkali contents are also 
high compared to the other metasediments stud­
ied. Elevated trace element contents of Zn and Y 
are contrasted by relalive depletions in Pb, Co, Cr, 
and V (Table 1). 

Table 1. Average whole rock geochemical analyses of metasedi­
mentary groups described in the text). (Total Fe as Fe20 3). 

(wt%) Group 1 Group 2 Group 3 
(no. = 4) (no.= 4) (no.= 4) 

Si02 70.16 58.24 71.95 
Ti02 0.25 0.21 0.14 
Al20 3 12.19 11.86 10.96 
Fe101 4.23 6.91 4.81 
MnO 0.10 0.85 0.16 
MgO 1.02 1.19 0.82 
Cao 8.22 13.73 7.97 
Na20 1.65 2.23 1.14 
K20 2.26 3.90 3.14 
P20s 0.04 0.06 0.25 

Total 100.12 99.18 101.34 
(H20 - ) 0.75 1.29 0.76 

(ppm) 
Pb 51 9 15 
Zn 62 122 20 
Cu 6 0 0 
Ni 15 11 12 
Co 81 59 79 
Cr 70 24 83 
B 499 758 1118 
Rb 118 115 111 
Sr 52 56 89 
y 30 51 32 
Zr 220 258 267 
Nb 13 14 21 
s 1861 384 226 
Cl 293 233 134 
v 20 0 0 



The highly variable mineralogy of rocks in group 
(2) corresponds to observed large trace element 
variations on a centimetre scale within individual 
rock samples. For example two analyses are given 
for sample 106 (1062 and 1066). They are both 
taken from the upper 15 cm of Fig. 8 and are sep­
arated by approximately 8 cm. The mineralogy of 
sample 1066 is dominated by the calc-silicates acti­
nolite, epidote and garnet, with only minor K feld­
spar and quartz. 1062 contains the above calc-sil­
icates but has more K feldspar, quartz and plagio­
clase. Selected trace element concentrations are 
shown in Table 2; large variations are noted. Ele­
vated values of the base metals Cu, Zn and Pb are 
observed for sample 1066, only Zn was detected in 
1062. Similarly sample 1066 is enriched in Ba by a 
factor of ~ 1.5 (observed as very rare baryte crys­
tals), and Rb and Sr by a factor of~ 3. Variations in 
these elements, though significant locally, is not 
unusual because of their mobility in both hydro­
thermal and metamorphic processes (Pearce & 
Cann, 1973). More noteable are the large varia­
tions in the so-called 'immobile' elements (Cann, 
1970; Field & Elliot, 1974; Table 2). Y and Zr 

Table 2. Selected trace element concentrations and ratios for 
four analyses taken from two rock samples. Rock sample 106 
(group 2): analyses 1062 and 1066; rock sample 580 (group 3): 
analyses 5801 and 5802. 

(ppm) 1062 1066 5801 5802 

Pb 0 14 11 15 
Zn 41 216 18 25 
Cu 0 13 0 0 
Ni 8 12 12 12 
Co 53 83 77 79 
Cr 4 4 86 83 
Ba 611 920 1052 1185 
Rb 79 259 77 140 
Sr 35 104 80 92 
y 40 95 23 39 
Zr 172 467 219 257 
Nb 6 27 16 22 
s 205 65 148 162 
Cl 224 202 122 198 
v 0 0 0 0 

Y/Zr 0.23 0.20 0.11 0.15 
Nb/Y 0.15 0.28 0.70 0.56 
Nb/Zr 0.03 0.06 0.07 0.09 
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increase from 1062 to 1066 by factors of 2.4 and 2. 7 
respectively but the ratio Y/Zr remains approxi­
mately constant (Table 2). Nb, however, increases 
6.9 times between 1062 and 1066 and the ratios 
Nb/Zr and Nb/Y are doubled between analyses 
(Table 2). 

The petrography of the rocks of group (2) sug­
gests the observed banding represents primary 
bedding (see above). The measured changes in 
element concentration, particularly Zr, Y and Nb, 
are, therefore, interpreted as primary depositional 
chemical trends preserved in individual lithological 
units. Extreme changes over short stratigraphic 
distances are, therefore, recorded in the pre-meta­
morphic chemistry of the rocks. 

Metasediments of group (3) are the most altered. 
They are enriched in silica (average 71. 95 wt% 
Si02) and potassium (average 3.14wt% K 20) re­
flected in the quartz-K feldspar mineralogy. P 20 5 is 
also elevated relative to the metasediments in 
groups (1) and (2). If phosphorus was introduced 
during alteration it may suggest hydrothermal solu­
tions were of sea water origin. MnO on the other 
hand is relatively depleted. As a group they have 
elevated Ba, Zr and Nb values and have low Cl 
(Table 1). But, like group (2) rocks, element con­
centrations vary over small distances. Two analyses 
are given for rock sample 580 (5801: epidote > 
quartz> K feldspar and 5802: K feldspar>> 
quartz > epidote; Fig. 7): they are separated by 
approximately 5 cm. Factors of enrichment are not 
as extreme as those observed in group (2) above 
but significant changes are observed in Rb (enrich­
ment factor ~2), S (1.6) and in the 'immobile' 
elements Y (1.7) , Zr (1.2) and Nb (1.4). Immobile 
element ratios are relatively consistent compared 
to those for group (2) (Table 2) . 

Discussion 

The rocks described in groups (2) and (3) above 
form part of the larger group of calc-silicate dom­
inated 'skarn' mineralogies (Einaudi et al., 1981). 
Skarn assemblages have been documented by 
many authors in association with mineralization 
(e.g. Stanton & Vaughan, 1979; Barnes, 1980; 
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Stanton, 1982b; Plimer, 1984; Fulp & Renshaw, 
1985); In Bergslagen, specifically, the association 
has been described by authors too numerous to list 
but they include Magnusson (1940) for the Ljus­
narsberg-Stalldalen area, Hedstrom (1984) for the 
Hallefors deposit and Hellingwerf (1984) for the 
Gruvasen deposit. 

At Mount Misery, Queensland, assemblages of 
Ca garnets , Ca pyroxenes, amphiboles and epi­
dote, with accessory calcite, fluorspar and scapo­
lite, and locally dominant magnetite are described 
in association with a Fe-Cu-Zn-Pb sulphide min­
eralization (Stanton, 1982a). They are interpreted 
as exhalahve sediments precipitated as localised 
aprons in hydrothermally active regimes. The ab­
sence of any granitic material precludes a contact 
metamorphic origin for the rocks; Stanton (op . cit.) 
suggested that regional metamorphism of suitable 
precursor calc-silicate gels might be responsible. 

Possible primitive silicates might include Fe-Ca­
Mn-Mg-Na-K silicates and alumino-silicates. Mn 
chamosite, ferriferous illite, and chert (Stanton & 
Vaughan, 1979). 

Despite the proximity of the synorogenic gran­
ites to the rocks described in this paper (100-
500 m), there is no apparent spatial relationship of 
the calc-silicate-rich rocks with distance from the 
intrusion: indeed the same complex mineralogies 
are found at least 1 km away from the contact. The 
rocks are, however, intimately spatially associated 
with the mineralized horizons, in particular, the 
lower base metal sulphide horizon . 

Delicate but well defined compositional banding 
seen in the rocks of groups (1) and (2) in particular, 
reflects possible periodic pulses and fluctuations in 
hydrothermal fluid temperature, Eh, pH, F02, and 
chemistry (Hutchinson et al .. 1980). A distinct zon­
ing can be developed away from the exhalative 
centre in regions of exhalative precipitation (Stan­
ton & Vaughan, 1979). At Gruvasen, Hellingwerf 
(1984) recognises sulphide zonation in areas of in­
tense potassic alteration and interprets the zoning 
in terms of distance from a hydrothermal vent be­
low the sea floor. Cu- Fe, Cu-Zn, Cu- Pb- Zn-Fe, 
Fe-oxide and W- Mo enriched lenses can be dis­
tinguished in the lower mineralized horizon of the 
Ljusnarsberg-Stalldalen district and can be inter-

preted as reflecting distances from hydrothermal 
centres, or changes in hydrothermal solutions away 
from their point of exhalation, or both. The meta­
sediments between mineralized zones also show 
potassic alteration in rocks nearest the mineral­
ization (group 3 rocks). Metasediments deposited 
stratigraphically away from the mineralized rocks 
have highly variable mineralogies and whole rock 
chemistries which change drastically over centi­
metres (group 2 rocks). At greater distances the 
metasediments have simple quartz-feldspar-rich 
mineralogies (group 1 rocks) , they lack the chem­
ical variations observed in metasediments of 
groups (2) and (3) . 

The end of a felsic volcanic succession (The 
Kumlan Group) with only minor sediments, is 
marked by the rapid onset of quiet shallow sub­
aqueous conditions (Fig. 3). Sundius (1923) sug­
gested subaqueous development was as 'shallow 
ephemeral lakes' and this might be expected in the 
transition from subaerial volcanism (the Kumlan 
Group) to subaqueous sedimentation (the Stallda­
len Group) . Magmatism in the lower Stalldalen 
Group is compositionally bimodal. Fulp & Ren­
shaw (1985) suggest mafic magmatism may be re­
sponsible as a heat source for the circulating hydro­
thermal fluids in the Blacklite Prospect, New Mex­
ico. Hellingwerf (1984) came to the same conclu­
sion for the marble-hosted 
Cu-Zn- Fe-Pb-As(-W-Mo) sulphides at Gruva­
sen. 

The apparent pre-deformational confinement of 
supracrustals in the Bergslagen district (e.g. the 
Ljusnarsberg-Stalldalen, Grythyttan (Oen et al., 
1982), Garpenberg (Vivallo, 1985), and Sala dis­
tricts) suggests depositional basins were , at least 
initially, separate. In the upper stratigraphy, how­
ever, chronological units can be recognised on a 
more widespread scale and represent the connec­
tion of the basins. The regional occurrence of large 
Fe (magnetite) ores may, therefore, signify the 
onset of regional subaqueous conditions. 

Conclusions 

The stratigraphic succession in the Ljusnarsberg-



Stalldalen district can be divided into two main 
lithostratigraphic groups. A lower metavolcanic se­
quence, the Kumlan Group, comprising felsic , 
partly subaerial, rocks dominated by pyroclastic 
deposits. An upper mixed metavolcanic and meta­
sedimentary sequence, the Stalldalen Group, 
which includes two stratbound zones of mineral­
ization : a lower series of base metal sulphide en­
riched lenses and an upper, more dominant, Fe 
oxide rich horizon. 

The lower mineralized horizon occurs at a 
change in the depositional environment. It is asso­
ciated along strike with chemically variable meta­
sediments (group 2: Fig. 6). Petrological, miner­
alogical and chemical evidence suggest they are 
Fe-Ca-Mn enriched exhalative chemical precip­
itates with some elastic input. Close to the small 
lensoid ore occurrences the metasediments have 
been subject to potassic hydrothermal alteration 
resulting in quartz-K feldspar-epidote assemblages 
(group 3: Fig. 8). At greater distances along strike 
the metasediments are very finely bedded elastic 
sediments with only occasional thin barren carbon­
ate horizons (group 1: Fig. 5): they are apparently 
unaffected by any syndepositional alteration. 

Major element chemistry reflects the petrogra­
phy of the rocks studied. Least altered rocks (group 
1) are Si and Al-rich. Variable rocks of group (2) 
have Ca, Fe and alkali-rich chemistries. The most 
altered rocks (group 3) are enriched in Si and K, 
and also have significant P and Ba. Trace element 
concentrations, however, are less predictable. 
They vary over centimetres in the more altered 
rocks. In particular the 'immobile' elements show 
distinct concentrations. 

The spatial relationship of the altered metasedi­
ments to the lower mineralized zone indicates the 
most altered rocks occur nearest the mineralized 
rocks. They represent zones of potassic alteration 
due to hydrothermal activity. 
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