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Abstract 

The Gasborn metamorphosed manganiferous iron ore horizon consists of Mn-poor ( <1 wt% Mn) iron 
ore-bearing marbles and metavolcanics and manganiferous (5- 25 wt% Mn) iron ore-bearing metavolcanics 
and metacherts, displaying lateral facies transitions. The ore horizon is concordantly intercalated in a pile of 
felsic metavolcanics. It shows a concentric zoning around two pipe-like structures which consist of extremely 
Mn-poor ( <0.1 wt% Mn) iron ore-bearing Mg-enriched metavolcanics, located directly below the ore 
horizon. Major- and trace-element analyses suggest that (1) the ore horizon is of exhalative-sedimentary 
origin and (2) the Mg-enriched metavolcanics mark the top of a (now metamorphosed) conduit zone for 
hydrothermal fluids from which the ores were deposited. 

Introduction 

The Gasborn area is located 10 km E of the famous 
Langban manganese mines in the western part of 
the Bergslagen district in central Sweden (Fig. 1). 
In the area a 0.1-15 m thick metamorphosed man­
ganiferous iron ore horizon occurs intercalated in 
felsic metavolcanics. The ore horizon consists of 
manganiferous iron ore bearing felsic metavolcan­
ics and metacherts and Mn-poor iron ore bearing 
marbles and metavolcanics, which display lateral 
facies transitions from one type to the other. In the 
central part of the area extremely Mn-poor iron 
ores are found in two discordant pipe-like bodies of 
Mg-enriched metavolcanics underlying the ore ho­
rizon. The Gasborn manganiferous iron ores were 
briefly described by Tegengren (1924) and Mag­
nusson (1930, 1970), but are not so well known as 

the other manganiferous iron ore deposits in W. 
Bergslagen (Langban, Pajsberg, Harstigen, Sjo­
gruvan, Jacobs berg and Slojdartorp). This paper 
presents the petrography and facies development 
of the Gasborn manganiferous iron ore horizon. 
From the field evidence, major and trace element 
analyses of the ores, and data gathered from the 
literature, a model for the formation of the ore 
horizon is presented. 

Geological setting 

The 1.9-1.8 Ga Svecokarelian (Svecofennian) 
rocks of the Gasborn area comprise the following 
lithological units: (1) A volcano- sedimentary se­
quence of felsic metavolcanics with intercalated 
marbles, metacherts , metamorphosed basic lavas 
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and a metamorphosed manganiferous iron ore ho­
rizon (Magnusson 1930; Damman in press), be­
longing to the Upper Leptite-Halleflinta and Slate 
Group of the Bergslagen supracrustal Sequence 
(Oen et al. 1982; Oen 1987). This volcano-sedi­
mentary sequence is intruded by: (2) basic sills and 
dykes associated with the basic lavas, (3) a granite 
(Ostra Hojden granite, Fig. 1) of the group of 
about 1. 87 Ga older granites of the Bergslagen dis­
trict (Aberg et al. 1983 a, b; Oen et al. 1984, Baker 
1985), and ( 4) gabbros, diorites and tonalites (Fig. 
1) belonging to the about 1.84 Ga Hyttsjo gabbro­
diorite-tonalite-granite suite (Oen et al. 1982; Oen 
& Wiklander 1982; Oen 1987). A hydrothermal 
vein system associated with the granite is character­
ised by an estimated maximum temperature of 
560° C, a lithostatic pressure of maximal 1.5 kbar 
and a hydrostatic pressure of maximal 4 kbar 
(Damman in prep.). The gabbros, diorites and ton­
alites show contact metamorphic aureoles; the 
maximum temperature and pressure of contact 
metamorphism are estimated at 750-800° C and 
less than 3 kbar (Damman unpublished data). 

This complex of 1.9-1.8 Ga rocks is intruded in 
the N, E and S (Fig. 1) by younger, 1.7-1.6Ga 
(Welin et al. 1977) granites of the Smaland-Varm­
land (Filipstad) and Dala-Jarna groups and by a 
1.2-0.9 Ga (Oen & Verschure 1982) Sveconorwe­
gian dolerite dyke (Fig. 1) . No contact metamor­
phic aureoles of significance were found associated 
with these intrusives. 

Structure and form of the ore horizon 

A reconstruction of the structure and form of the 
ore horizon was made by combining aeromagnetic 
data (Bjork 1986) with field data. The ore horizon 
varies in thickness between 0.1 and 15 m and is 
exposed in scattered outcrops and old pits which 
have been worked for iron and manganese (Mag­
nusson 1930). In the central part of the Gasborn 
area (the Malmbergsmossen ore field) the ore hori­
zon is sub-horizontal and outcropping in an area of 
about 2 km2 (Fig. 1). To the E and N the sub­
horizontal ore horizon is cut off by the 1. 7-1.6 Ga 
younger granites (Fig. 1). To the N the ore horizon 
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can be traced up to the contact with the younger 
granites; in the granites remnants of the ore hori­
zon are found as scattered, small roof-pendants 
(Fig. 1). To the Ethe ore horizon is either eroded 
away or was probably never deposited since only 
exposures of the underlying metavolcanics are 
found. Approximately 1 km W of Malmbergsmos­
sen the ore horizon dips about 15° W, and dis­
appears below the surface under the overlying 
metavolcanics. South of Malmbergsmossen the dip 
of the ore horizon increases from 5-7° S to about 
80° S, turning to vertical at about 500-1000 m N of 
the younger granite S of the Gas born area (Fig. 1). 

Description of ore bearing rock types 

Mg-enriched metavolcanics containing Mn poor 
iron ore are found on the dumps of two mines in the 
centre of the Malmbergsmossen field (Fig. 1). Ac­
cording to Magnusson (1930) the iron ores in these 
mines formed 2 irregular bodies in the metavolcan­
ics underlying the ore horizon. Two silicate as­
semblages are found in these rocks; an older as­
semblage consisting of fine grained phengite and 
chlorite enclosing a matrix of albite and quartz , and 
a younger, overprinting assemblage, consisting of 
orthoamphibole, biotite and cordierite. The chem­
istry of biotites and orthoamphiboles developed 
along the edges of hydrothermal veins associated 
with the Ostra Hojden granite varies with distance 
from the veins. This suggests that the replacement 
of the older assemblage by the younger took place 
during emplacement of the Ostra Hojden granite 
(Damman in prep.) . In the older assemblage mag­
netite occurs as small , disseminated grains between 
phengite and chlorite. In the younger assemblage 
magnetite frequently shows coronitic rims of hercy­
nite and corundum and small inclusions of chalco­
pyrite , pyrrhotite and pyrite and is found in irreg­
ular aggregates embedded in a matrix of orthoam­
phibole and biotite. The Mg-enriched nature of 
these rocks is shown by comparison of their major 
element chemistry with that of the surrounding 
metavolcanics (Table 1). 

Mn-poor iron ore bearing metavolcanics are 
found N, E and W of the Mg-enriched , iron ore 
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bearing metavolcanics (Fig. 1). The fine-medium 
grained metavolcanics show a granoblastic texture 
and consist of al bite ( 40-60 vol. % ) , quartz ( 40-50 
vol. % ) , microcline ( 5-7 vol. % ) and accessory 
biotite, amphiboles, chlorite, carbonates, zircon, 
apatite and xenotime. Magnetite forms irregular 
lenses up to 5 cm thick and several meters long, 
parallel to the bedding of the metavolcanics. The 
metavolcanics adjacent to hydrothermal veins re­
lated to the Ostra Hojden granite are altered to 
biotite schists, and contain irregular masses of mag­
netite with minor chalcopyrite, pyrrhotite and py­
rite. Iron ore bearing marbles with intercalated 
metavolcanite and metachert lenses are found to 
the N, E and W of the exposures of the iron ore 
bearing metavolcanics, and to the S of the expo­
sures of the manganiferous iron ore bearing meta­
volcanics and metacherts (Fig. 1). The lateral tran­
sition from metavolcanics to marbles (the only 
change that is observed in the field; other lateral 
relationships are inferred from the map) is charac­
terized by a decrease of metavolcanic intercala­
tions in the marbles. Locally, the base of the mar­
bles is brecciated, and irregular marble fragments 
are found in the underlying metavolcanics. Magne­
tite, often with thin coronas of hercynite, occurs in 
lenses parallel to the bedding of the surrounding 
metavolcanics, a few mm to 3 m thick (Magnusson 
1930). A rapid decrease in estimated iron content 

Table 1. Major element analyses of Mg-enriched (column 1, n = 

3) and non-altered metavolcanics (column 2, n = 3). 

l(n = 3) 2(n = 3) 

Si02 65.13 78.44 
Ti02 0.30 0.12 
Al20 3 12.61 10.95 
Fe203 12.50 2.33 
MnO 0.12 0.03 
MgO 4.50 0.87 
Cao 0.55 1.12 
Na20 1.31 5.10 

KiO 2.48 0.40 

Total 99.50 99.36 

of the marbles is found with increasing distance 
from the Mg-enriched metavolcanics (Fig. 3). 

Where the marble is cut by hydrothermal veins 
associated with the Ostra Hojden granite a pyrox­
ene garnet skarn is developed in which magnetite 
occurs in panidiomorphic aggregates. Manganif­
erous iron ore in metavolcanics and metacherts is 
found in a small E-W trending zone approximately 
one kilometer S of the iron ore bearing Mg-en­
riched metavolcanics (Fig. 1). Magnetite (partly 
replaced by hematite), Mn-silicates (rhodonite, te­
froite, grossularite , rhodochrosite, manganiferous 
pyroxene, amphibole, mica and epidote) and fluo­
rite occur in up to 70 cm thick and several meters 
long irregular lenses intercalated between the 
metavolcanics and the metacherts. Accessory sul­
fides are locally found in small veins, cross-cutting 
the ore layers. Several ore layers show up to 3 cm 
angular metavolcanite fragments in a matrix of 
magnetite and Mn-silicates. The metavolcanics be­
tween the ore also frequently show metavolcanite 
fragments embedded in a matrix of fine- to medium 
grained quartz, feldspars , and subordinate magne­
tite , Mn-silicates and biotite. The above distribu­
tion of lithologies suggests a zonal arrangement in 
the ore horizon with iron ore bearing, Mg-enriched 
metavolcanics in the centre, followed by iron ore 
bearing metavolcanics and iron ore bearing mar­
bles at increasing distance from the centre. Manga­
niferous iron ore bearing metavolcanics and meta­
cherts occur in between the latter rocks to the S 
(Figs. 1 and 2). 

Sample selection and analytical techniques 

Samples for chemical analyses were collected from 
mine dumps and outcrops. Samples showing hy­
drothermal veining and alteration related to the 
Ostra Hojden granite were avoided. Samples of 
iron ore bearing marble, iron ore bearing meta­
volcanics, and manganiferous iron ores in meta­
volcanics and metacherts were crushed, ground 
and analysed for Fe, Mn, Ti, Co, V, P , Zn, Ni and 
Ba by Inductively Coupled Plasma - Atomic Emis­
sion Spectrometry (ICP-AAS) , using a Perkin-El­
mer ICP/6500 x R (analyst J. Kist), using stan-
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Fig. 2. Upper: Cross-section along line A-B (Fig. 1) through the Gil.sborn area. Lower: IJealiseJ N-S cwss-sediuu ll11uugl1 ll1.:: Gasborn 
manganiferous iron ore horizon. Symbols for rock types as in Fig. 1. 

dards FeRl, 2, 3 and 4 (Abbey et al. 1983). Relative 
accuracies are given in Table 2 - only Ti differs 
from the literature values. These elements were 
also analysed by ICP-AAS in magnetite separates 
from marbles, metavolcanics and Mg-enriched 
metavolcanite. Cu, analysed in 25 samples, was 
generally very low (1- 21 ppm) and too erratically 
distributed to warrant further consideration. Mag­
netite separates from marbles, metavolcanics, Mg­
enriched metavolcanics as well as 2 whole-rock 
samples of manganiferous iron ore were analysed 
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Fig. 3. Estimated iron content of marbles with distance ( d) from 
the Mg-enriched metavolcanics. 

for U, Th and REE by Th. v. Meerten with In­
strumental Neutron Activation Analyses (INAA) 
at the Interuniversity Reactor Institute (IRI) facil­
ities at Delft. Analytical procedures and the rela­
tive accuracy of the INAA analyses are described 
in Baker & De Groot (19883). Major elements in 
whole rock samples of metavolcanics and Mg-en­
riched metavolcanics were analysed on fused glass 
beads, using standard XRF techniques (Table 1). 

Major and trace element chemistry of the ores 

Major and trace element analyses of the ores are 
presented in Table 3. Magnetite separates and 
whole rock samples from different lithologies in the 
ore horizon are clearly distinguished by their Mn 
contents. Magnetite from the Mg-enriched meta­
volcanics has very low Mn contents (0.04-0.1 
wt.%); magnetite and whole rock samples of the 
iron ore bearing metavolcanics have somewhat 
higher Mn contents (0.05-0.36 wt.%); magnetite 
and whole rock samples of iron ore bearing marble 
have Mn contents between 0.28 and 1.86 wt.% , 
and manganifeous iron ores show Mn contents be­
tween 5 and 25 wt. % . Whole rock metavolcanite 
and marble samples show higher Mn/Fe ratios but 
similar Mn contents compared to magnetites sep­
arated from them, indicating that Mn is also pre­
sent in accessory silicates in the metavolcanics and 
the carbonates of the marble . 

The trace element contents of the ores are gener-
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ally rather low (Table 3), comparable to other manganiferous iron ores are presented in Table 4, 
Swedish (manganiferous) iron ores (Landergren, together with the available data on the Langban 
1948; Frietsch, 1970; Loberg & Horndal, 1983). Ti, manganiferous iron ores (Bostrom et al. 1979). In 
Co, Ni and Cr are all uniformly distributed over the several other Gasborn samples U and Th concen-
different lithologies in the horizon. Ba shows low trations were below the detection limit. 
concentrations in most samples analysed, but is The Gasborn and Langban sampless have similar 
strongly enriched in 3 samples of manganiferous U and Th contents. U and Th analyses of the Gas-
iron ore (340, 3500 and 4200 ppm). P and Zn show a born manganiferous iron ores plot in the hydro-
slight positive correlation with Mn. V shows a dis- thermal field of Fig. 4 (Bonatti et al. 1972), and 
tinct negative correlation with Mn. provide evidence for the exhalative-sedimentary 

U and Th data for six samples from the Gasborn origin of the ore horizon. Similar U and Th concen-

Table 2. Our analysed concentrations, standard deviations and literature values (Abbey et al. 1983) of elements analysed in FeR-1 , 
-2, -J, -4; Pe and Mn as wt.%, all other elements as ppm. 

Fe Mn Zn Co Ni Cr v Ti Ba p 

FeR-1 
Our cone. 53.89 0.15 3200 11 98 120 995 7300 
St.dev.(%) 0.90 2.30 9.0 19 4.6 5.8 3.1 4.8 
(n = ) 5 5 6 5 5 6 6 6 
Lit. cone. 53.06 0.17 3500 12 7 100 200 1000 6100 

FeR- 2 
Our cone. 28.01 0.08 37 8 17 39 37 1100 215 1300 
St. dev. (%) 0.90 2.80 9.8 16 8.9 10 7.2 4.6 3.6 3.6 
(n = ) 5 5 6 4 5 6 6 6 6 5 
Lit. cone. 27.42 0.09 43 7 21 47 37 1100 240 1200 

FeR-3 
Our cone. 31.93 0.06 34 4 10 9 300 
St.dev. (%) 0.80 1.50 4.1 3.5 8.9 11 7.4 
(n = ) 5 5 6 6 6 6 5 
Lit. cone. 31.12 0.06 36 8? 100 11 300 

FeR-4 
Our cone. 28.21 0.13 27 3 8 8 370 37 570 
St.dev. (%) 1.30 1.50 6.1 17 19 43 4.5 2.0 2.0 
(n = ) 5 5 6 4 6 6 6 4 
Lit. cone. 27.92 0.145 27 2 9 11 400 43 600 

Table 3. Averages of major and trace element contents of the Gasborn manganiferous iron ore horizon. (1) Magnetite separates from 
the Mg-enriched metavolcanics; (2) Whole rock samples and (3) magnetite separates of iron ore bearing meta volcanics; ( 4) whole rock 
samples and (5) magnetite separates of iron ore bearing marbles; (6) whole rock samples of manganiferous iron ore. 

Mn Ti Co Ni Cr Ba p Zn v 

1 (n = 9) O.Q7 1000 20 7 10 15 70 100 300 
2 (n = 8) 0.24 600 10 2 7 10 80 120 20 
3 (n = 3) 0.22 1500 20 5 13 20 120 170 60 
4 (n = 16) 0.70 600 12 2 8 8 100 110 15 
5 (n = 36) 0.50 1200 20 4 12 22 200 190 50 
6 (n = 9) 10.0 1000 15 3 15 500 400 400 4 
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Table 4. U and Th abundances (ppm) in Giisborn and Liingban 
manganiferous iron ores. (1-6) Giisborn manganiferous iron 
ores: (1) whole rock iron ore bearing metavolcanics; (2 + 3) 
magnetite separates from the Mg-enriched metavolcanics; (4) 
magnetite separate from iron ore bearing marble; (5 + 6) 
whole-rock manganiferous iron ore. (7-9) Liingban manganif­
erous iron ores (Bostrom et al. 1979). 

2 

3 
4 

u 

3.46 
1.80 
4.46 
0.93 

Th 

2.267 
4.22 
1.278 
1.759 

Fig. 4. Plot of Th versus U from the Giisborn and Liingban 5 2.00 1.56 
manganiferous iron ore horizons. Fields: (1) laterites, (2) Mn- 6 2.47 3.85 
nodules, (3) ordinary pelagic sediments, ( 4) hydrothermal man- 7 1.04 0.11 
ganiferous iron ores (Bostrom et al. 1979). (*) Liingban manga- 8 0.20 0.24 
niferous iron ores (Bostrom et al. 1979), (o) Giisborn manganif- 9 1.67 3.24 
erous iron ores. 

trations in the Langban manganiferous iron ores 
(Table 4, Fig. 4) indicate that they are neither the 
products of chemical weathering nor the products 
of nodule forming processes on the ocean floor, but 
rather that they have an exhalative-sedimentary 
origin (Bostrom et al. 1979). 

REE analyses of magnetite separates and whole 
rock samples from the Gasborn iron ores, together 
with the North American Shale Composite 
(NASC; Haskin et al. 1968) are given in Table 5. 

NASC normalized REE patterns are shown in Fig. 
5. The REE patterns show clear similarities with 
REE patterns of some recent marine exhalative 
sedimentary manganiferous iron ores (Fleet 1983). 
This also supports an exhalative-sedimentary ori­
gin for the Gasborn manganiferous iron ores, and 
suggests that the behaviour of REE during deposi­
tion of proterozoic exhalative-sedimentary Fe- and 
Mn-ores is similar to that of recent Fe- and Mn­
deposits . 

Table 5. REE abundances (ppm) of magnetite separates and whole rock samples from the Giisborn manganiferous iron-ores and the 
North American shale composite (NASC) (Haskin et al., 1968). (1-11) G iisborn manganiferous iron ores; (1- 3) magnetite separates 
from Mg-enriched metavolcanics, (4 + 5) magnetite separates from metavolcanics, (~9) magnetite separates from marbles, (10 + 11) 
whole rock samples of manganiferous iron ore, (12) NASC. 

La Ce Sm Eu Tb Yb Lu 

1 7.75 10.82 1.63 0.40 0.30 0.96 0.26 
2 32.50 37.80 2.78 0.65 0.31 1.57 0.56 
3 14.04 27.34 6.03 5.14 1.83 0.60 0.20 
4 20.50 33.00 2.68 0.63 0.46 0.60 0.20 
5 1.62 2.75 0.93 0.37 0.20 0.47 0.11 
6 3.58 0.47 1.10 0.20 0.47 0.54 0.15 
7 5.50 8.88 1.46 0.22 0.47 0.65 0.17 
8 85.40 93.40 5.59 1.17 1.03 1.77 0.37 
9 0.97 2.66 0.38 0.14 0.27 0.25 0.06 

10 37.07 58.37 6.00 1.30 2.05 0.32 d .l. 
11 145.89 228.10 19.40 2.52 2.07 1.06 0.21 
12 32.00 73 .00 5.70 1.24 0.85 3.10 0.48 
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Discussion 

The Gasborn manganiferous iron ores have gener­
ally low trace element contents (Table 3), suggest­
ing that they are most probably of exhalative sedi­
mentary origin. Experimental and field studies of 
such ore deposits (Toth 1981) have shown that 
fluids from which the ores are deposited have Fe/Tr 
(trace element) and Mn/Tr ratios of at least 102-103. 

The relative rapid accumulation rate of ore deposi­
tion (Bonatti et al. 1972; Toth 1981) inhibits the 
accumulation of minor elements from other sourc­
es, leading to general low minor element concen­
trations in such deposits. Mg-enriched rocks simi­
lar to those underlying the Gasborn ore horizon are 
often found associated with sulfide deposits in the 

Bergslagen district (Geijer 1964; Koark 1962, 1973; 
Karlsson 1986). Studies of various massive sulfide 
deposits in the world (Vrana 1975; Schermerhorn 
1978; Berge 1978) indicate that these rocks may 
represent metamorphic equivalents of chloritisa­
tion and silicification products associated with the 
sulfide deposits . According to Schermerhorn 
(1978) the Mg-enriched rocks underlying the Falun 
sulfide deposit were probably formed along a con­
duit zone of the fluids from which the sulfides were 
deposited. Baker & De Groot (1983) described 
phengite and chlorite bearing rocks similar to the 
older assemblage in the Gasborn Mg-enriched 
metavolcanics associated with exhalative-sedimen­
tary iron ores in the Hjulsjo area of Bergslagen. 
They suggested that these rocks may represent con­
duit zones for fluids from which the iron ores were 
deposited. The above arguments suggest that the 
Mg-enriched rocks underlying the Gasborn manga­
niferous iron ore horizon may also represent a con­
duit zone of the hydrothermal fluids from which the 
ores were precipitated as exhalative sedimentary 
deposits . This suggestion is supported by the zonal 
arrangement offacies (Figs. 1and2) and the distri­
bution of Fe, Mn and Vin the ore horizon (Fig. 3, 
Table 3). The presence of marbles as a chemical 
precipitate in the ore horizon indicates that the 
ore-forming fluids had a high fC02/f02 ratio (Gur­
vich, 1981). making them relatively acid with re­
spect to seawater. In these relatively acid hydro­
thermal fluids V is soluble and is transported as 
y 3+, but with increasing pH values V will precip­
itate insoluble V-hydroxides (Burkhart-Baumann 
1972). Fe is soluble at low pH values (Krauskopf 
1973), while Mn remains soluble to intermediate 
pH values (Bonatti et al. 1972, Krauskopf 1973). 
These differences in solubility suggest that acid 
hydrothermal solutions that mix with sea-water, 
will first precipitate V close to the hydrothermal 
vent; Fe and Mn have higher solubilities and will be 
deposited farther from the vent. Table 3 shows that 
the highest V and the lowest Mn concentrations 
occur in magnetite separates from the Mg-enriched 
metavolcanics. Going laterally in the ore horizon , 
away from these Mg-rich rocks (Figs. 1 and 2), an 
increase in Mn and a decrease in V and Fe content 
with distance is noticed (Table 3, Fig. 3). The ob-



served zonal distribution pattern of V, Fe and Mn 
around the Mg-enriched metavolcanics is consis­
tent with what may be expected from the theoret­
ical considerations discussed above. This supports 
the view that the Mg-enriched metavolcanics mark 
outflow zones of fluids from which the Gasborn 
manganiferous iron ores were deposited. The Gas­
born manganiferous iron ores are not as well 
known as other manganiferous iron ore deposits in 
W. Bergslagen (Langban, Pajsberg, Harstigen, 
Sjogruvan, Jacobsberg and Slojdartorp ), which are 
often referred to as belonging to the Langban type 
of manganese deposits (Magnusson 1930, 1970); 
Tegengren 1924; Geijer & Magnusson 1944; Koark 
1970; Roy 1981; Frietsch 1982). The Gasborn man­
ganiferous iron ores are lacking hausmannite and 
braunite, minerals regarded as characteristic for 
Langban type manganiferous iron ores. However 
the following facts suggest that they belong to this 
type of deposit (Magnusson 1930, 1970: 

(1) The Gasborn and the Langban deposits occur 
at approximately the same stratigraphic level 
within the Bergslagen Supracrustal Sequence 
(Oen et al. 1982, Oen 1987). 

(2) The Gasborn ores, in common with Langban 
type ores, are concordantly intercalated in fel­
sic metavolcanics and associated with marbles, 
showing lateral transitions to manganiferous 
iron ores. Small amounts of rhodochrosite in 
the manganiferous iron ores suggests that car­
bonates were present in these ores prior to 
metamorphism. 

(3) The lateral transition of manganiferous iron 
ores into manganese poor iron ores is a strik­
ingly similar feature of both the Gasborn and 
the Langban manganiferous iron ore deposits 
and is considered diagnostic for all Langban 
type deposits (Magnusson 1970). 

The model of Mg-metasomatic alteration and lo­
cal, small scale deposition of Langban type ores 
presented in this paper differs from that of Frietsch 
(1982) and Zakrzewski (1982). They suggested that 
the deposition of all sulfide-, iron-, and manga­
nese-ores in the Bergslagen district took place in 
large basins in which ore deposition was controlled 
by water depth and related to changes from K-rich 
to Na-rich metavolcanics. 
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The presence of brecciated metavolcanics in the 
ore horizon and debris flows in the overlying meta­
volcanics is compatible with rift- related basin set­
ting as proposed by Oen et al. (1982) and Oen 
(1987). 
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