
Geologie en Mijnbouw 67: 177- 188 (1988) 
©Kluwer Academic Publishers, Dordrecht - Printed in the Netherlands 

Carbonate rocks from W. Bergslagen, Central Sweden: 
isotopic (C, 0, H) evidence for marine deposition and 
alteration by hydrothermal processes 

P.A. De Groot1,2 & S.M.F. Sheppard1 

IU S 
LINES 0 247 

I 

1 Centre de Recherches Fetrographiques et Geochimiques, B.P. 20, 54501 Vandoeuvre-les-Nancy, 
France and 2 Geologisch lnstituut, Universiteit van Amsterdam, Nieuwe Prinsengracht 130, 
1018 VZ Amsterdam, The Netherlands 

Received 22 September 1987; accepted in revised form 4 January 1988 

Key words: Carbonate rock, stable isotopes, Proterozoic, Bergslagen, Sweden 

Abstract 

Carbon and oxygen isotope ratios for calcite and dolomite from stratabound carbonates, carbonate veins and 
clots in W-(Mo-) and Zn-Pb sulphide skarns, and for a calcite from a Mn-skarn from the Bergslagen region, 
central Sweden, are presented. Stratabound carbonate carbon isotopes (o13C- 0%o) imply a marine milieu 
of deposition. 

The 0180 values of stratabound carbonates can be divided into two groups: one associated with stratiform 
iron-oxide deposits (RSC) and the other unrelated (NRSC) . Stratabound dolomites of the NRSC are 
depleted in 180 compared to the 'most Proterozoic dolomite' field. NRSC calcites have a range of 0180 values 
( + 12 to + 19%0) similar to the lower half of the 'most Proterozoic calcites' field. Whether the RSC 0180 
values ( +6to+11%0) are primary values or values formed by exchange of the RSC with a hydrothermal fluid 
during the skarn alteration of associated stratiform iron-oxide deposits, is not clear. Calcites and dolomites, 
from skarn altered iron-oxide deposits, W-(Mo-)skarns, and a sulphide skarn, as late phase veins and clots, 
have distinguishable o13C and 0180 values, placing the respective skarns into separate fields. They have, in 
general, low o13C (-2 to - 8%0) and low 0180 ( +6 to + 12%0) values, except for the calcite veins in the 
sulphide skarn. The 180-depletion of the carbonates most probably occurred during exchange with sea water 
at temperatures of 300 ± 50° C, or meteoric waters if the temperatures were lower. The types of 6180 values 
and their range are comparable to well documented sea water hydrothermal systems of younger age from 
ocean floor ophiolites and many relatively low altitude meteoric- hydrothermal systems. 

The low carbon and oxygen isotope values of the carbonate veins and clots in W-(Mo-)- and Fe-skarns are 
typical for such skarns. They indicate the influx of COrbearing hydrothermal fluids where the C02 is either 
of magmatic origin or derived from sedimentary carbonate formations after major loss of C02 through 
decarbonation reactions. 

Slate hosted calcite from a Ca-Mn-skarn, is isotopically similar to both the skarn associated carbonates and 
a concretionary carbonate. Diagenetic modifications of organic matter-bearing sediments, exchange of a 
sedimentary carbonate with hydrothermal fluids, or, more probable, a combination of these two events, 
were responsible for the isotopic composition of the calcite in this skarn. 
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Introduction 

This paper presents some initial results of an ongo­
ing stable isotope (C, 0, H) study on carbonate 
minerals and fluid inclusions from the 1.8-1.9 Ga 
ensialic belt of Bergslagen, Central Sweden (Fig. 
1). Different types of carbonate-bearing samples 
were chosen to determine whether the sediments 
were deposited in a marine or fresh water milieu, 
and what type of fluids circulated through this sedi­
mentary crust and caused the formation of associ­
ated mineralizations. 

Regional geology 
The ensialic belt of Bergslagen (Oen et al. 1982; 
Vivallo & Rickard 1984; Oen 1987) consists of a 
supracrustal sequence (dated 1.9-1.8 Ga by U-Pb: 
Welin et al. 1980; Aberg et al. 1983) comprising a 
thick pile (> 10 km) of felsic volcanics (historically 
named Halleflinta and Leptites: Sundius 1923; 
Magnusson 1925, 1970), overlain by a sedimentary 
packet of black and grey slates (dated 1.86 Ga by 
Sm-Nd: Miller et al. 1986), which are at least 2 km 
thick. The felsic volcanics are intruded by granite 
domes and continental tholeiitic (Hellingwerf & 
Oen 1986) dykes and sills, while a few meta-basal­
tic flows ( spilites) occur in the black slates, at the 
base of the slate pile. Although basalts form a 
relatively small volume compared to the felsic 
rocks, this is an excellent example of bimodal, coe­
val magmatism (Van der Velden et al. 1982; Viv­
allo & Rickard 1984). 

Oen et al. (1982) and Oen (1987) related the 
development of the belt, the deposition of the su­
pracrustals, and the plutonism and volcanism with 
a continental rift process, resulting finally in an 
aborted rift. They divided the Bergslagen Supra­
crustal Sequence into a Lower Leptite Group, a 
Middle Leptite Group, and an Upper Leptite-Hal­
leflinta and Slate Group. 

The supracrustals in the belt are generally tilted 
into a (sub-)vertical position by granitic diapirism 
and by gravity tectonism as described by De Groot 
et al. (1988). The supracrustals are weakly meta­
morphosed (greenschist facies) in the central part 
of the belt. They grade into amphibolite facies on 
the east and west sides of the belt, touching the 
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Fig. I . Simplified map of W. Bergslagen after Oen et al. (1982) 
and Baker (1985a; p. 91, Fig. 1) showing sample locations and 
sample numbers (see Table 1). 

l.64-l.78Ga granitoids (Oen & Verschure 1985) 
which encircle the belt (Fig. 1). 

Discussions about a regional and local scale al­
teration in the W. Bergslagen area by e .g. Baker & 
De Groot (1983), Lagerblad & Gorbatschev 
(1985), and Baker (1985a, b), are mostly based on 
the chemistry and mineralogy of the altered and 
unaltered wall-rocks and their associated mineral­
izations. They indicate sources for fluids involved 
in the skarn-forming processes, but the arguments 
are not conclusive. Many of the W-(Mo-)skarns, 
from which carbonate isotopic analyses are report­
ed in this paper (Table 1), are described by Hel­
lingwerf & Baker (1985). A detailed description of 
the Gruvasen area is given by Hellingwerf (1984). 
Carbonate, or carbonate bearing rocks are present 
throughout the entire supracrustal sequence, but 
are mostly concentrated in the Middle Leptite 
Group and in the lower part of the Upper Leptite­
Halleflinta and Slate Group of Oen et al. (1982). A 
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Table 1. Mineralogy and carbon, oxygen, isotope data for stratabound, and vein carbonates and hydrogen isotope values of fluid 
inclusions in vein calcite. 

NO SAMPLE DESCRIPTION COMPOSITION§ CALCITE DOLOMITE 
(in%) 

ct dol a13c a18o a13c 5180 ro 

Persberg area: 

1 s• GG1 GMgruvan finegr. marble: cont. silic.1>1C0m# 85 0.14 12.53 
2 s HWGt Get on adjac. mag +Pb,Zn,Ag sulf. min.1>50m 67 -0.09 16.62 

GruvMen area: 
3 s HW 815-64 GruvMen adjac. Cu,Zn,Fe sulf.min.+ chert b./7COm 20 75 -0.22 15.80 0.10 15.60 
4 s HW 815-184 GruvMen adjac. Cu,Zn,Fe sulf.mln.+ chert b./7COm 28 65 -0.42 13.07 0.01 13.86 
5 s 77HW85 Lim bergs<l.sen finegr. marble: cont. sillc./7COm 22 45 0.40 18.45 1.01 19.62 
6 s 77HW86 Lim bergs<l.sen finegr. marble: cont. vole. fragm./700m 40 17 0 .35 18.62 
7 s 77HW139 8ovik finegr. marble: cont. mica/7COm 32 63 -0.44 16.67 0.20 16.64 
8 s 77HW140 8ovik finegr. marble: cont. sillc.17COm 15 60 -0.03 14.49 0.40 15.30 

L<l.ngban area: 
9 L81 L<l.ngban adjac. Mn-skarn: pure dol 2 98 1.71 16.32 
10 s Da78 G<l.sborn finegr. marble/<1 Om •54 -0.15 14.42 
11 n"R1 Gflsborn finegr. m11rble/,1 Om •9r:i 0 .10 15.1r:l 
12 sf DaA2 G<l.sborn finegr. marble/<1 Om •95 -3.09 7.91 

HjulsjO area: 
13 vw BJ Sk1 Skropen ct dots in am ph sch qz skarn ·100 -5.70 7.55 
14 s BJSk2 Skropen adjac. amph sch qz skarn/7-Sm 98 0.30 14.89 
15 sf 8J118L Killingberget adjac. Fe-ox. dep.+bt-skOll/7-8rn •57 0.35 8 .33 
16 s 8J152 Hjulsjo finegr. marble/few rn •55 -2.82 6.51 
17 s 8J366 Hjulsjo marble-chert layer into sk. alt. grst.11 rn ·100 0 .56 13.17 
18 s BJ461C Hjulsjo finegr. marble: cont. gt+rnag/2-3rn •44 -2.83 6.51 
19 sf MM269B3 8redsjo finegr. marble •94 0.33 8.32 
20 sf Cab18 S irsjOberg finegr. marble adjac. Fe-sk. horiz./120m 98 -2.87 17.59 
21 sf Sir2 Sirsjoberg flnegr. marble adjac. Fe-sk. horiz./120m 95 0 .01 6 .83 
22 vf Sir3 Slrsjoberg skarnified Fe-oxide horiz./120rn 35 -2.01 6.60 
23 vf Ob2 OsjOberg vein-ct in Fe-skarn/> 1 com •40 -2.24 7.77 
24 vf 6b3 OsjOberg ct dots in Fe-skarn/> 1 corn ·100 -3.47 6.86 
25 sf Ob5 OsjOberg finegr. marble: cont silic.i> 1 corn 70 0.39 7.05 
26 s St1 Stolpberget marble adjac. F e-skarn/±5-1 Orn 98 0.49 16.65 
27 s St2 Stolpberget flnegr. marble: cont. arnph bV±5-10rn •94 -1.91 7.60 

Grythyttan area: 
28 s HWBN1 8 jurskogsnas finegr. rnarblei>1C0rn 60 28 -0.17 16.34 
29 s HW8N2 8jurskogsnas finegr. rnarblei>100rn 65 18 0 .89 16.28 
30 s AR1 Dj upviken finely laminated dol-chert= strorn./±1 om 6 70 -0.19 13.04 
31 (V) 77Md302/18 Grythyttan ct in exhal.-sed. Mn-skarni<1-2rn 17 -7.80 10.17 

Erntorp area: 
32 s HW NV576 Erntorp breccia below Zn.Pb sulf.rnin./1 corn 18 45 -1.78 17.12 -1 .25 17.67 
33 vs ERNS1 Erntorp vein-ct in Zn(Pb) sulf. cont. schist •50 -0.79 20.15 
34 s ERNM1 Erntorp finegr. marble: cont. chert b.I> 1 corn 70 9 0.43 19.25 

Striberg area: 
35 vw HWHG2 Hultagruvor ct dots in Fe-W -skarn 78 -4.87 6 .15 -63 

St!l.lldalen-HOrken area: 
36 s 89 8<l.tens marble adjac. sch gt skarn/60rn 27 -3.14 9.64 
37 vw W71 St!l.lldalen ct clots in amph gt sch skarn · 100 -8.09 6.48 -62 
38 sf RrE19 HOrken finegr. marble adjac. Fe-skarn 85 0.21 10.73 
39 sf Rr E20 Horken finegr. marble adjac. Fe-skarn 85 -0.31 8.29 

Gr!l.ngen area: 
40 vw Db1 Dunderbo coarse dol dot in chi bl amph sch Fe-sk. ·100 -4.65 8.11 
41 vw Db2 Dunderbo dol dots in chi bl arnph sch Fe-skarn •4 75 -3.53 9.28 
42 s Db-S Dunderbo marble: cont. sillc. 55 -3.85 8.92 
43 vw Ah Annehill inters!. Cl in px arnph gt qz sch skarn 10 -3.63 8.27 

J!l.mboAs area: 
44 vw Sp1 Sparrbergsgruvan dol/ct clots in gt vesuv arnph bl sch sk. •17 70 -3 .51 11.37 -3.51 10.17 

Delta (8) values In per mil (%.).Abbreviations : adjac.= adjacent to; alt. = altered; arnph = arnphibole; bt = biotite; chert b. =chert bands; chi= chlorite; cont. = 
contains; ct= calcite; dep. =deposit; dol =dolomite; exhal. = exhalative; Fe-ox. = Fe-oxide; finegr. = fine grained; gt =garnet; grst. = greenstone; horiz. = 
horizon; inters!.= interstitual; mag = magnetite; px = pyroxene; qz = quartz; sch = scheelite; sed. =sedimentary; silic. =silicate minerals; sk. = skarn; strorn. = 
stromatilite; suit.min. = sulfide minerals; vesuv = vesuvinite; vole. fragrn. =volcanic (rhyoltte) fragments. 

• s = stratabound carbonate (NRSC); sf= stratabound carbonate associated with stratiform Fe-oxide deposits (RSC); vw = carbonate clots in W-(Mo)-skarn; vf = 
calcite clots or veins in skarn altered Fe-oxide deposits ; vs= calctte veins in a (Zn-Pb) sulphide skarn; (v) =carbonate as granules, aggregates and veins in a Mn-
skarn. 
§ Proportion of carbonates in whole rock sample. 
• Proportion of calcite in separates or partially separated minerals. 

#Thickness of carbonate layer. 
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major division can be made between: (1) strata­
bound carbonates, and (2) carbonates formed as 
veins or clots during skarn1 mineralization. 

Within this division the following groups can be 
distinguished: 

(1) a - Major and minor carbonate horizons 
which are not associated with mineraliza­
tions. The major horizons are formed by 
massive lenses of relatively pure, fine 
grained (grains ::S2 mm) carbonates more 
than 50 m thick; they are generally com­
posed of calcite at lower stratigraphic lev­
els and of calcite or calcite-dolomite mix­
tures at higher stratigraphic levels, and 
seldom show lamination or alternation 
with chert laminae or bands. The minor 
horizons of the same type of massive car­
bonate are 10 m or less thick ; they are 
generally composed of calcite and, more 
often than the thick layers , show lamina­
tion and alternation with chert laminae or 
bands . 

b - Major and minor carbonate horizons are 
associated with stratiform iron-oxide de­
posits; they further show the same charac­
teristics as the carbonate horizons de­
scribed under a. 

(2) a - Clots of carbonate (calcite and dolomite) 
formed in W-(Mo-)skarns. 

b - Calcite formed as veins or clots during 
skarn alteration of stratiform iron-oxide 
deposits . 

c - Calcite veins associated with Zn-Pb-sul­
phide skarn mineralization 

d - Small calcite bodies (several mm thick and 
up to 1 cm long) formed in layered Ca­
Mn-skarns occurring in the slates of the 
Upper Leptite-Halleflinta and Slate 
Group of Oen et al. (1982). 

The stratabound carbonates, the calcites from the 

1 Skarn in this paper is defined as a carbonate containing rock or 
layer, wall rock included, which is altered by hydrothermal 
processes into a calc - silicate rock. In Bergslagen skarns are not 
normally directly associated with an intrusive granitic body. 

slates, and most of the skarn-related carbonates are 
recrystallized due to diagenesis and/or regional 
metamorphism. The stratabound carbonates are 
more or less intensely folded, which is best seen in 
the laminated carbonates. The carbonate grains 
often show undulatory extinction in thin section. 
Sample locations are given in Fig. 1, and sample 
descriptions are given in Table 1. 

Analytical procedure 

Rocks containing calcite, and mixtures of calcite 
and dolomite (Table 1) were crushed to a grain size 
below 63 µ,m for BJ118L, BJ152, BJ461C, 
MM269B3, Da78, Da81 , and DaA2, and below 
120 µ,m for the other samples. For samples HW 
HG2, BJ Skl, W71, Ob2, Ob3, St2, Dbl and Db2 
calcite was separated from the silicates in the rock 
and handled separately. The mineralogical compo­
sition of the carbonates was measured by standard 
X-ray techniques. The carbonates were reacted 
with > 100% H 3P04 at 25° C using the method of 
McCrea (1950) and the C02-yields were measured 
manometrically. Calcites were reacted for at least 
10 hours while dolomites were reacted for at least 5 
days. Mixtures in which calcite was the major com­
ponent were reacted for 3-4 hours to obtain the 
calcite-C02. Where dolomite was the major com­
ponent, the samples were first reacted for 1- 11/ 2 

hour to obtain the calcite-C02 (calcite content of 
total carbonate in rock at least 20%) and then for at 
least 5 days to obtain the dolomite-C02 (Epstein et 
al. 1964). The C02 from samples containing sul­
phides (Ob2, ERN Sl, and Ah) were purified using 
Ag3P04 (Smith & Croxford 1975). For 70% of the 
samples , duplicate extractions gave differences in 
6 13C of less than ±0.2%0 and for 6180 of less than 
±0.12%0. 

Calcite samples W71 and HW HG2 were crushed 
under vacuum to collect H20 from fluid inclusions. 
The samples were weighed and evacuated in 
cleaned stainless-steel tubes, and then heated for 3 
days at 100° C to remove all the absorbed water 
from the surface and pores of the· minerals. After 
crushing, the H20 from the fluid was purified using 
a combination of a liquid nitrogen and an acetone-



dry ice trap. The pure water was passed through an 
uranium furnace heated to 800° C and reduced to 
Hz gas after the method described by Friedman 
(1953) and Godfrey (1962), and yields were mea­
sured manometrically. No duplicate extractions 
could be made because of the small amount of 
calcite available ( <18 g). Isotopic ratios for carbon 
and oxygen were measured on COz gas, and for 
hydrogen on Hz gas with a VG - Micromass 602D 
double collector mass spectrometer. The values are 
reported here in the usual delta notation ( 6) in per 
mil (%0) with 613C against PDB and 6 180 and 6D 
against the SMOW standard. All carbonate values 
are corrected for 13C and l70 variations after Craig 
(1957) . 

Results 

Carbon and oxygen isotope values of the analysed 
carbonates from Bergslagen are listed in Table 1 
and are plotted as 613C against 6 180 values in Fig. 2. 
This figure includes calcite and dolomite reference 
fields for Early to Middle Proterozoic (1.6--2.5 Ga) 
marine carbonates based on the compilation of 
data given by Veizer & Hoefs (1976). For 6 13C, the 
overwhelming majority of their data fall between 
+ 2 and - 3%o and these boundaries can be consid­
ered to be relatively well defined. In contrast the 
6180 boundaries are Jess well defined probably be­
cause the data base includes marine carbonates 
that have undergone varying degrees of diagenetic 
exchange. Most Proterozoic dolomites, however , 
display a very restricted range of 6180 values ( + 25 
to + 21 %0) in contrast to the wide range of values 
for calcite and lack of peak in the histogram (see 
Fig. 4 in Veizer & Hoefs 1976). Without entering 
into the problem of dolomitization and noting that, 
in general , calcite undergoes oxygen isotope ex­
change more readily than dolomite (Northrop & 
Clayton 1966), the more restricted field for Prote­
rozoic dolomites is considered to more closely rep­
resent the field of 'unaltered' Proterozoic marine 
carbonates. Most of the stratabound carbonates, 
related (RSC; stars in Fig. 2) or not related (NRSC; 
circles in Fig. 2) to stratiform iron oxide deposits , 
have 613C values around zero, and all plot within 
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the proposed range of Proterozoic marine carbon­
ate values. The 6180 values, however, show a large 
continuous range, with NRSC 6 180 values between 
+ 12 and + 20%0 for both calcites and dolomites - a 
range lower than that of most Proterozoic dolo­
mites and similar to the lower half of the 'most 
Proterozoic calcites' field (Fig. 2) . The RSC 6180 
values of +6.5 to + 11%0 are clearly depleted in 180 
compared with the former, NRSC group of carbon­
ates. In the NRSC there does not appear to be a 
relationship between the 6180 value of the calcite or 
dolomite and the nature or proportion of silicate 
minerals directly associated with the stratabound 
carbonates, or the nature of the immediately sur­
rounding felsic volcanics. 

A finely laminated carbonate-chert (ARl) is 
thought to be a stromatolite, partly silicified during 
a later alteration (Boekschoten et al. 1988) . Car­
bon isotopic values are consistent with Proterozoic 
marine values and oxygen isotopic values are 180 
depleted in a similar way to the above described 
carbonates. One calcite (Cab lB) connected with a 
stratiform iron-oxide deposit altered into skarn 
gives a relatively low 613C value of - 2.87%0 which 
is comparable with 613C values of calcites formed in 
the skarn phase, but it has a normal 6 180 value for 
NRSC. 

Calcite clots and veins (stars in solid circles in 
Fig. 2), formed during skarn alteration of the strati­
form iron-oxide deposits, have lower 613C values 
(-3.5<613C<-2%o) than the RSC, and are simi­
lar in 6 180 values to most of the RSC calcites. 
Minor ( s 10 m thick) carbonate horizons of NRSC 
(3 samples) and RSC (1 sample) show the same 
613C and 6 1so values as calcites in these skarns. 
Carbonates in W-(Mo-)skarns (squares in Fig. 2) 
have both low 6 13C and 61so values compared with 
the marine Proterozoic field. Their 6 1so values are 
similar to the 61so values of the RSC-type carbon­
ates. Such 6 13C and 6 180 values are comparable to 
vein-type carbonates in skarns from contact aure­
oles associated with granitic intrusions (see Valley 
1986: p. 455, Fig. 6). They define a separate field 
from that defined for Fe-skarn calcite isotope val­
ues . The 6D values for fluid inclusion H 20 from 
two of the W-(Mo-)skarn calcites are very similar at 
-60%0. These values are plotted in Fig. 3 against 
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Fig. 2. Values of 0180sMow against o13CPDs of calcites (open symbols) and dolomites (solid symbols) from stratabound carbonates (circles 
and stars), and carbonates in skarn altered Fe-oxide deposits (stars in solid circles) , W-(Mo-)skarns (squares) , and a sulphide skarn 
(cross). Also given are calcite from a Mn-skarn (triangle marked withs), calcite from the mass of a septarian concretion (Ehlin & Koark 
1980) (triangle marked with c), and disseminated calcites from two slate samples containing the concretion (Ehlin & Koark 1980) 
(inverted triangles) . Two carbonate samples from the Sala region (Schidlowski et al. 1975) (diamonds) are included for comparison. 
Connected samples are linked by tie-lines. Square-pattern stippled and diamond-pattern stippled areas define fields of stratabound 
carbonates (NRSC, see text) and stratabound carbonates related to strati form iron-oxide deposits (RSC) respectively. The irregular 
stippled field defines carbonate veins and clots in skarn altered iron-oxide deposits , and the densely stippled field carbonate clots in 
W-(Mo-)skarns. 

the vein calcite and the calculated 0180 of water in 
equilibrium with the host calcite for 200° C, 250° C, 
300° C, and 400° C. This temperature range was 
measured on fluid inclusions (Thomogenisation) in the 
calcite, although most of the values obtained were 
close to 250° C; for this reason the calculated water 
composition at 250° C is marked with a small box on 
Fig. 3. The temperatures are not very precise and 
the salinity of the fluids could not be determined 
because of the small size of the inclusions 
(<10µ,m); halite-cubes were observed in some in­
clusions and imply the existance of a highly saline 
fluid(> 15% equiv. NaCl) in some of them. All the 
inclusions have a regular rectangular shape. They 
are, however, probably secondary because they are 
situated in trails touching the crystal-boundaries. 

The calcites did not necessarily reequilibrate iso­
topically with such secondary fluids. Therefore, the 
calculated 6180 H20 value in equilibrium with cal­
cite is probably not identical to that of the second­
ary inclusions measured for oD. For this reason, 
vertical arrows are given on Fig. 3 to emphasize 
that the oD value of the fluid associated with the 
crystallization of the calcite is not known. The sin­
gle vein calcite (ERN Sl) in a Zn-Pb sulphide 
skarn, formed in a fault zone, is totally different 
compared to the other skarn carbonates. The veins 
are only 2 to 3 mm thick and are associated with 
major sphalerite and galena (Hellingwerf pers. 
comm. 1987). Its mineral paragenesis and geolog­
ical setting is different from the W-(Mo-) and Fe­
skarn carbonates. 
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Fig. 3. Skarn calcite 0180sMOW plotted againt oDsMOW from H20 
of secondary fluid inclusions in the skarn calcite (solid symbols). 
Calculated values of H20 in equilibrium with calcite containing 
given oD values, at 200° C, 250° C, 300° C, and 400° Care plot­
ted as open symbols. The vertical broken lines are drawn to 
stress the fact that the fluid of the secondary inclusions most 
probably did not equilibrate with the calcite (see text). The box 
around the 250°C value points to the most probable temper­
ature of the (secondary) fluid phase. Fields for metamorphic 
H20 and primary magmatic H20 (PMW) (from Sheppard, 1986; 
p. 171; Fig. 4), the meteoric water line (MWL), and the standard 
mean ocean water (SMOW) point are shown for reference. 

Slate ( quartzitic siltstone) from the Grythyttan 
region contains Ca-Mn carbonates as disseminated 
granules, interstitial aggregates, and fracture filling 
veinlets (Oen et al. 1986). Calcite from such a slate 
sample (77Md302/18) from the Grythyttan region 
has one of - 7.8%0 and 0180 of + 10.2%0. These 
values are very similar to those of the massive part 
of a septarian concretion in the Grythyttan slate 
quarry, 500 m north of our sample location (one of 
-9.3%0 and 0180 of +10.1%o; Ehlin & Koark 
1980). Two calcite-bearing slate samples surround­
ing the concretion, reported by Ehlin & Koark 
(1980), give one values of+ l.4%o and -0.2%0 and 
0180 values of + 16.2%0 and + 17 .3%o respectively, 
which are comparable with the isotopic values of 
the stratabound carbonates of Bergslagen. 
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Discussion 

Stratabound carbonates 
All of the one values of the stratabound carbonates 
(NRSC and RSC, Table 1, Fig. 2) fall within the 
proposed range of marine carbonate values for the 
early to middle Proterozoic period. It is probable, 
for the following reasons, that most of these car­
bonates have essentially retained their primary 
pre-diagenetic and pre-metamorphic one values. 
Most of the carbonates, whether dolomite or cal­
cite, have the same 13C/12C ratio ( ~O ± 0.5%o) on a 
regional scale, despite the wide range of 0180 val­
ues. Many of the samples come from massive car­
bonate dominated units with no petrographic evi­
dence for decarbonation. During diagenesis and 
low to middle grade metamorphism carbon isotope 
ratios are often not significantly modified (Keith & 
Weber 1964; Sheppard & Schwarcz 1970). These 
ratios are therefore characteristic of their marine 
origin. By analogy, then, the felsic volcanics in 
Bergslagen were deposited under sea water. Al­
though this interpretation has been proposed pre­
viously (e.g. Oen et al. 1982; Van der Velden et al. 
1982; Baker & De Groot 1983; Vivallo 1985) it was 
based on less definite evidence than the carbon 
isotope data. The 0180 values of the NRSC calcites 
and dolomites are up to 8%0 depleted in 180 com­
pared to the 'most Proterozoic dolomites' field, 
which is considered to be the most probable field of 
marine Proterozoic carbonate 013C and 0180 val­
ues. The majority of the calcite 0180 values, how­
ever, are consistent with the range found for 'most 
Proterozoic calcites' . Calcites and dolomites from 
the Svecofennian of central Sweden commonly 
show 0180 values of between + 14 to + 18%0. Such 
values are also reported for two carbonate samples 
from the Sala region, about 100 km east of Stiillda­
len, by Schidlowski et al. (1975) (diamonds in Fig. 
2) and for some samples of the Bergslagen region 
by Billstrom et al. (1986). The results of Billstrom 
et al. (1986) are, however, not integrated with our 
results because no information was given on wheth­
er a carbonate sample was stratabound or skarn­
related. 

Thus all NRSC type calcites and dolomites from 
central Sweden are systematically 180-depleted rel-
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ative to the 'most Proterozoic dolomite' field . This 
suggests that all of the 0180 values of the carbonates 
either were modified during diagenetic, hydrother­
mal and/or metamorphic processes or have closely 
retained their primary sedimentary values. This 
latter interpretation implies that either the temper­
ature of formation of these carbonates was about 15 
to 60° C higher than that for 'most Proterozoic do­
lomites' assuming isotopically similar waters, or 
the associated waters were depleted in 180, if the 
temperatures were similar. Isotopic homogenisa­
tion on a scale greater than a few metres during 
regional metamorphism does not appear to have 
been an important process because nearby samples 
can have 01so differences of l%o or more. Thus the 
01so variations of the calcites could in part be due 
to local scale exchange with the associated silicates 
during the regional metamorphism or be inherited 
from the pre-regional metamorphic alteration pro­
cesses. The latter may be the dominant process 
because of the relatively restricted range of 0 1so 
values of the dolomites and some of the carbonate 
units are essentially pure (>95%) calcite or dolo­
mite. 

The RSC calcites are directly associated with 
iron-oxide deposits. If the RSC were deposited on 
a sea floor then the isotope values should be com­
parable with the NRSC values or the 'most Prote­
rozoic dolomite' field . The far lower 0180 values of 
RSC calcites ( + 7 to + 11 %0) compared to the 
NRSC, implies that either these calcites exchanged 
with more 180-depleted fluids at approximately the 
same temperature of formation as the NRSC or, if 
the 1so;160 ratios of the fluids were relatively com­
parable, the temperatures of formation of the RSC 
calcites must have been ::=:::30° C higher than those 
of NRSC, or 100° to 250° C higher than 'most Prote­
rozoic dolomites'. Alternatively the range of 0 180 
values reflects both variations in temperature and 
fluid composition. Waters in equilibrium with the 
most 180-depleted calcites ( ~+6%0) have 
0180 ~ 0 ± 2%o for T ~ 300 ± 50° C, a value simi­
lar to that proposed for Proterozoic sea water (e.g. 
Muehlenbachs 1986; Sheppard 1986). Lower tem­
peratures require more 180-depleted waters; such 
waters could be of meteoric origin. These fluids 
could be similar to those involved in forming the 

clot and vein carbonates in the skarn alteration of 
the stratiform iron oxide deposits . 

The C- and 0-isotope compositions of RSC cal­
cites are different for either one or both isotopic 
ratios in carbonates from BIF-type deposits (Beck­
er & Clayton 1972). Also the carbonates associated 
with BIF-type deposits are usually Fe-Mg rich (sid­
erite, ankerite, dolomite) and not calcitic like the 
RSC. 

This sea water or meteoric hydrothermal alter­
ation process operated on a regional scale and 
could also have been responsible for the large scale 
alteration of the associated volcanics. Such systems 
often produce alteration assemblages or minerals 
with quite variable 0180 values because of varia­
tions in water/rock ratio, permeability, etc., as well 
as temperature. In fact the types of 0180 values of 
the carbonates (NRSC and RSC) and their range 
are comparable to those observed in well docu­
mented sea water hydrothermal systems of young­
er age - ocean floor , ophiolites (e.g. Muehlenbachs 
1986 and references therein) and many meteoric 
hydrothermal systems where ~-60<6D<0%o 
(e.g. Clayton et al. 1968). This interpretation im­
plies that the isotopic composition of the different 
rock units were often not significantly modified by 
subsequent processes and therefore the later re­
gional metamorphic event was not associated with 
large scale fluid transport processes. 

Carrbonates from W-(Mo-)skarns 
This group of samples has low 0 13C values (between 
-3 and - 8%0) and low 0180 values (between +6 
and+ 11%0) . Although these carbonates are associ­
ated with skarn mineralizations they cannot have 
formed during in situ decarbonation because they 
occur as clots, a late mineralized phase in the 
skarns. A hydrothermal fluid must therefore have 
been involved. The nature and source of this fluid 
has not yet been clearly documented because the 
regional metamorphism may have modified the 
fluid inclusion evidence. All the fluid inclusions 
which have been observed are secondary and are 
therefore probably post-skarn formation. Also, no 
hydrous minerals are found in these clots. 

In skarns the COi H20 ratio is usually quite 
small (Xc02 < 0.1; e.g. Taylor & O'Neil 1977) and 



therefore the oxygen isotope composition of the 
calcite or dolomite is controlled by the 6180 value of 
the aqueous fluid and the temperature of precip­
itation. As discussed above, the H20 part of the 
fluid phase could be either of sea water or meteoric 
ongm. The 13C-depleted carbonates with 
613C ~ - 3 to -8%0 imply that the 6 13C value of the 
C02 in the fluid was about - 2 to - 7%o at temper­
atures above 200° C (Bottinga 1968). The more 
13C-depleted values of this range could be of mag­
matic origin, could come from decarbonation reac­
tions or could come from the hydrolysis of organic 
carbon. 

Magmatic carbon with 613C -- 5 ± 3%u has of­
ten been proposed as the dominant source of vein 
carbonate carbon in skarn deposits (e.g. Taylor & 
O'Neil 1977; Einaudi et al. 1981). Identical 13C­
depleted values could also be generated during 
decarbonation of carbonates initially with sedi­
mentary type 613C values. For example, using a 
Rayleigh type fractionation model, 60% to essen­
tially 100% decarbonation would be necessary to 
produce the wide range of 613C values. This process 
requires that decarbonation occurred in one place 
and was followed by precipitation of vein carbon­
ate in another place from the residual C02 in the 
hydrothermal fluid . It also implies that the volu­
metric importance of the carbonates decreases rap­
idly with decreasing 6 13C values. Similarly, the ob­
served 613C values could be reflecting the hydroly­
sis of organic carbon, which is strongly 13C-deplet­
ed. The necessary organic matter would have to be 
associated with either the stratabound carbonates, 
which are found within the volcanic sequence, or 
the overlying shales. Although the present data 
cannot distinguish among these three possibilities, 
they all require the transfer of a C02-bearing fluid 
to form the carbonate clots. 

Two of the stratabound (NRSC) samples have 
isotopic values in the same range as the W-(Mo-) 
skarn carbonates. A possible explanation is that 
because of their short distance from a skarn they 
were altered by the same fluid as that forming the 
skarn. 
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Calcite in skarn altered iron oxide deposits 
Most of the stratiform iron-oxide deposits in W. 
Bergslagen are altered into a skarn during later 
hydrothermal events. Mobilization of elements 
and mineral phases occurred during the skarn 
forming processes, as well as late formation of cal­
cite veins or clots in the skarn. The 613C (-2 to 
-4%o) and 6180 ( +6 to +8%0) ranges are small 
(perhaps because only three samples were ana­
lysed). They define a distinct field (irregular stip­
pled area in Fig. 2) from the W-(Mo-)skarn carbon­
ate field (densely stippled area in Fig. 2) . Keeping 
in mind the smaller range of isotopic values and the 
less negative 613C values for the former , similar 
explanations as for the W-(Mo-) skarn carbonates 
can be given. 

Minor ( < 10 m thick) calcite horizons of the 
NRSC (3 samples) and RSC (1 sample) have simi­
lar isotope values as the 'Fe-skarns' discussed here. 
These NRSC horizons are situated close to 'Fe­
skarn' or are expected to be close. They are, be­
cause of their limited thickness, altered isotopically 
(and eventually chemically) by the same fluids as 
involved with the skarn. Sample St2 of the NRSC 
contains clots of silicate minerals (amphibole , mi­
ca). It is situated in the border zone of an Fe-skarn 
at Stolpberget, which is unambiguously not strati­
form . This skarn most likely formed along or in a 
(meta-) diabase dyke, striking N340E - a general 
strike direction for major joint systems and diabase 
dykes in this part of Bergslagen - and cuts the 
Stolpberget stratabound minor carbonate horizon 
with a distinctly different isotopic signature. Alter­
ation processes and the isotopic compositions of 
this fluid associated with this skarn seem to be 
similar to those for the skarn alteration of the strati­
form iron-oxide deposits. 

Calcite veins in a sulphide skarn 
A small vein containing calcite and Zn-Pb-sul­
phides in a fault zone near Erntorp (Ern Sl) is 
isotopically close to the NRSC values. Two strata­
bound carbonate samples, one (HW NV576), a 
fragment in a breccia from below the major zone of 
stratiform Zn-Pb-sulphide mineralisation, and the 
other (ERN Ml) from a massive marble bed con­
taining chert horizons up to several dm thick (Hel-
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lingwerf et al. 1988, see Table 1 and Fig. 2), have 
NRSC type values. The genesis of this mineral­
ization is not yet fully understood. 

Calcites from slate 
The carbon and oxygen isotope compositions of 
calcite from the Ca-Mn-skarn vein carbonates 
(SVC) in the Grythyttan slate are similar to both 
the values of calcite and dolomite from the skarns 
and a calcite from a concretion in the slates (Fig. 2). 
The latter has been interpreted by Ehlin & Koark 
(1980) to be precipitated during the diagenesis of 
organic matter-bearing sediments. 

Oen et al. (1986) have presented evidence for 
microbial fossils in a Ca-Mn skarn and suggested 
that the sediment was composed of laminae of mats 
of organic material interlayered with cherts. Dur­
ing the diagenesis of such a sediment 13C-depleted 
carbonates could have been precipitated. The o13C 
values of the SVC could thus have been inherited 
from the diagenetically modified sediment. 

Alternatively the isotopic compositions of the 
SVC were produced during the reaction of hydro­
thermal fluids on the sediment and their origin 
could be similar to that of the skarn associated 
carbonates. This interpretation implies that pre­
existing sedimentary carbonates were isotopically 
modified by the hydrothermal fluids , as part of the 
carbonate is not in veins but is disseminated in the 
slate. The observed isotopic compositions may well 
be reflecting a combination of the sedimentary and 
diagenetic processes and a hydrothermal event. 

Conclusions 

Different groups of carbonates can be distin­
guished in the W. Bergslagen region. The strata­
bound carbonates were deposited in a marine envi­
ronment as based on their carbon isotopic composi­
tions. They can be divided into two groups with 
different 6180 values. One group (RSC; +6 -
+ 11 %0) is associated with iron-oxides whilst the 
other (NRSC; + 12- + 20%0) is not. This difference 
could be an useful tool in exploration to trace the 
proximity of stratiform iron-oxide deposits (even­
tually altered into skarri). The moderate (NRSC) 

to low (RSC) 0180 values of these carbonates prob­
ably record a sea water or meteoric hydrothermal 
process with the RSC carbonates forming at a high­
er temperature (possibly 30 to 200° C) than the 
NRSC carbonates, assuming similar fluids. 

Carbon dioxide of magmatic and/or decarbona­
tion origin was introduced during deposition of 
calcite and dolomite veins and clots in the skarns. 
Different types of skarns show different ranges for 
both o13C and 0180 values, and thus define different 
fields without any overlap. Discrimination be­
tween such skarn types can therefore be made 
based on the isotopic composition of carbonates. 

Further studies to obtain more detailed informa­
tion about the insufficiently understood hydrother­
mal processes and oxygen isotopic depletion in the 
vein, clot, and RSC carbonates and skarns are in 
progress. 
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