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Introduction 

Several studies have recently been performed on 
the sulfide ores of central Sweden, using a multi­
disciplinary approach with methods as stable iso­
topes, rare-earth elements, geochemistry of main 
and trace elements in combination with conven­
tional microscopy (Johansson & Rickard, 1985; 
Karlsson, 1981; Arvanitidis & Rickard, 1981; Vi­
vallo, 1984, 1985; Billstrom, 1985). 

Van den Kerkhof (1987) investigated the fluids 
involved in the formation of the Harmsarvet Ag­
Pb-Zn deposit. The present work deals with fluid 
phases associated with another deposit in central 
Sweden, the Saxberget Zn-Pb-Cu-Ag ore. 

Geological setting 

The volcanogenic, massive sulfide ore at Saxberget 
Vivallo & Karlsson (1986), is emplaced between 
two sets of supracrustal rocks: (1) a banded quartz­
feldspar-biotite gneiss to the north under the mod­
erately south-dipping ore lens, and (2) an alman­
dine-bearing quartz-biotite gneiss in the hanging 
wall to the south. The supracrustal rocks have an 
unknown basement, and they were affected by the 

Svecokarelian orogeny (1700-1800 Ma: Lundqvist, 
1979; Moorman et al., 1982). Several intrusive bod­
ies of late-orogenic granites surround the Saxber­
get area along the general E-W strike of the lith­
ological units. These granites constitute a complex 
formation of different generations (Karlsson, 1980; 
Vivallo & Karlsson, 1986). Intrusions of amphibo­
lite and diorite also occur. The area is bordered by 
large masses of early-orogenic granites, both to the 
north and to the south. 

Karlsson (1980) suggested on the basis of mineral 
assemblages that the Saxberget supracrustal rocks 
underwent two low-pressure metamorphic events. 
One event was of high grade and of regional extent, 
characterized by temperatures of about 600° C and 
with water pressure lower than total pressure; it 
was caused by the intrusions of the early-orogenic 
granites. This was followed by a static event of 
medium grade, apparently of only local extent. It is 
characterized by temperatures of about 500-550° C 
and pressures of about 200-375 MPa (Vivallo & 
Karlsson, 1986); this event is related to the in­
trusion of the late-orogenic granitic rocks . 

The sulfide ores have been divided into three 
types (Karlsson, 1980): (1) ball ore, a rich massive 
sulfide ore with rounded wall rock inclusions of 
different sizes, (2) ore in anthophyllite-bearing 
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Fig. I. Fluid inclusions in quartz from Saxberget. (a) A slightly deformed equigranular texture with grain boundaries and fl uid-inclusion trails and clusters. (b) Carbonic 
inclusions with mainly C02; the presence of H20 may be observed at irregular corners in some inclusions. (c) A relatively large irregular inclusion: P . [C02(V) = gas carbon­
dioxide, COi(L) = liquid carbon-dioxide, H20(L) = water. ] 



host rock, and (3) ore in serpentized rocks or in 
marble. In all three types the ore minerals are 
sphalerite, galena, chalcopyrite, pyrrhotite, mag­
netite and pyrite in varying proportions. Pyrrhotite 
dominates over pyrite, and the iron sulfides make 
up about 15 vol. % of the ore. 

Vivallo & Karlsson (1986) have assembled evi­
dence which points to a volcanogenic origin of the 
ore, related to submarine hydrothermal activity. 
The present mineralogy and wall-rock textures are 
the result of subsequent deformation and meta­
morphism, which affected both ore and country 
rocks. 

Description of sample and inclusions 

The present study concerns a single sample of mas­
sive, milky-white finely-crystalline quartz . It orig­
inates from a post-mineralization, quartz-rich peg­
matite in the central part of the ore body, spatially 
associated with the massive ore. Qualitative obser­
vations indicate that the sample is representative 
for a large number of pegmatites observed in the 
area. These pegmatites are connected to one of the 
late-orogenic granites. 

The quartz specimen has an annealed and equi­
granular texture , which subsequently underwent 
deformation, fracturing and healing. Large rela­
tively clear quartz crystals are surrounded by areas 
abundant in inclusions (Fig. la) . All inclusions 
have a secondary mode of occurrence, and appear 
to follow more or less distinct trails. Two types of 
inclusions have been observed: (1) rare two-phase 
inclusions of irregular shape; thermometry indi­
cates that they contain an aqueous solution; (2) 
C02 inclusions with one, two or three phases; they 
sometimes contain a narrow border of liquid H20 
(Fig. lb). 

Microthermometry 

Measurements of aqueous inclusions on the freez­
ing/heating stage (Chaixmeca; Poty et al. , 1976) 
gave ice final-melting temperatures (Tm ice) of -3 
to -5° C, indicating a salinity of less than 8 equiv-
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alent wt. % NaCl. Three homogenization temper­
atures (Th) gave respectively 138.2, 163.5 and 
201.2° C. All aqueous inclusions occur closely to­
gether and show the same salinity; the observed 
range of Th can be explained by phenomena as 
necking-down, boiling or leaking, but the number 
of measurements is too small to allow further in­
terpretation. 

Microthermometry results indicate that the ma­
jority of the inclusions contain C02 as the major 
phase (Fig. lb). Homogenization temperatures (to 
the liquid phase) (Th) ranged between + 16.9 and 
+ 24.3° C, with a modal temperature of + 22° C 
(Fig. 2). Melting temperatures (Tm) of COL ranged 
between - 58.0 and - 57.4° C, with a distinct 
mode at - 57.8° C (Fig. 2). No relation was found 
between ThC02 and TmC02 . Four inclusions 
yielded clathrate-melting temperatures at + 8.0, 
+ 8.2, + 8.4 and + 11.4° C. One single inclusion 
(P in Fig. le) is fairly large with many irregular 
corners; this made the observation of phase chang­
es difficult, and this inclusion gave temperatures 
different from the others: TmC02 = - 58.0° C and 
Tm clathrate = + ll.4° C, but no ThC02 . 

There is no apparent relation between the size of 
the inclusions and their water content. The large 
inclusion P shows a large amount of water (Fig. le). 

Raman spectrometry 

Fifteen inclusions have been analysed with a mul­
tichannel laser Raman microspectrometer (Micro­
dil-28). The instrument and the measurement con­
ditions for fluid inclusions have been described by 
Burke & Lustenhouwer (1987). Only C02 and CH4 

have been detected in the Saxberget inclusions; 
components searched for , but not detected, in­
clude N2 , 0 2 , S02 , H 2S, CO, H 2 , NH3 and C2H 6 . 

The instrument was run with the following param­
eters : laser power 600mW at the source, exciting 
line 514.5 nm, slit width 200 µ,m , integration time 3 
seconds and 50 accumulations for each spectrum. 
Mole percentages of C02 and CH4 in the 15 in­
clusions were calculated from the peak areas using 
the following relative Raman-scattering cross-sec­
tions: L C02 = 1.21 and L CH4 = 8. 9. The accuracy 
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Fig. 2. Melting temperatures (Tm) and homogenization temper­
atures (Th) of C02 inclusions. 

of the results is within a 10% relative error for the 
minor component, in this case CH4. 

Most inclusions contain more than 90 mole % 
C02, and between 3 and 7 mole % CH4. Two 
inclusions have a higher CH4 content: 11 and 15 
mole % . The latter result was obtained on inclusion 
P with the anomalous microthermometry results. 
Plotted as a histogram, the CH4 contents have a 
mode around 5 mole % . This value can be taken 
together with the Th of + 22° C to calculate a molar 
volume for further isochore calculations: this 
would give a V = 65 cm3/mole (Ramboz, 1980). 

Discussion 

The Saxberget sulfide deposit has been metamor­
phosed to a higher degree than most other deposits 
in Bergslagen. This is manifest from structures and 
mineral assemblages throughout the ores (Karls­
son, 1980; 1986; Vivallo & Karlsson, 1986) . The 
quartz specimen used in the present study, how­
ever, represents a later metamorphic event as it 
was formed during one of the late-orogenic granitic 
intrusions. The quartz was subjected to later frac­
turing and subsequent healing, as indicated by 
trails of fluid inclusions in the quartz. This is in 
agreement with observations by Karlsson (1986), 
relating the present mineral textures to the late­
orogenic events. 

The majority of the abundant C02-rich inclu­
sions are two-phase, but a third phase (liquid H20) 
can be seen as a thin film along the borders of some 
inclusions, and clathrate formation has been ob­
served in a number of inclusions. It is concluded 
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Fig. 3. Pressure and temperature conditions for regional meta­
morphism at Saxberget. The field of peak metamorphism is 
hatched. A calculated C02-CH4 isochore passes below this area 
and intersects the granite melting field at about 700° C and 
200 MP a in a water-deficient system (Pmo = l/2P101). Data from 
Kerrick (1972) and Holdaway & Lee (1977). Al2Si05 stability 
relations from Holdaway (1971). COr H20 isochore from Bow­
ers & Helgeson (1983). 

that water is present as a separate phase, some­
times with as much as 10 vol. % , but usually in 
smaller amounts. 

The occurrence of rare purely aqueous inclu­
sions indicates that an aqueous solution has influ­
enced the quartz by healing late-stage fracture 
planes, thereby probably altering the composition 
of many COr rich inclusions. A striking but ex­
treme example of this process is shown by inclusion 
P (Fig. le). 

A C02-H20 system in which the amount of water 
is less than 10% can be approximated to the pure 
C02 system if the density of C02 is high (Swanen­
berg, 1980). This applies to Saxberget, where the 
C02 inclusions have a density of 0.8 g/cm3 • More­
over, the pure C02 isochore then represents a mini-



mum value compared to any C02-H20 mixture 
with the same C02 density: this is due to the much 
steeper slope of H20 isochores than the ones for 
C02 • For these reasons, the carbonic system as 
defined by Raman analyses (95 mole % C02 , 5 
mole % CH4 , molar volume of 65 cm3/mole) can be 
used for the construction of a 'minimum'-isochore 
for the sample, according to a calculation by Hollo­
way (1981). This isochore evidently passes well 
below the P-T field calculated from mineral as­
semblages for the peak of metamorphism (Fig. 3). 
The isochore obviously represents lower pressures 
than those of the regional metamorphism, the 
eveul assu1.:ialed with the early-orogenic granite 
intrusions. The isochore also passes below the P-T 
field of the second, more local metamorphic event 
(500-550° C and 220-375 MPa). Taking into ac­
count, however, the presence of a certain amount 
of water in the system (as evidenced by the in­
clusions), the slope of the isochore will be steeper, 
thus fitting very well the formation of the COrrich 
inclusions with the field of local metamorphism 
caused by the late-orogenic granite intrusions 
(500°C and 250Mpa) . 

Acknowledgements 

Discussions with Waldo Vivallo and the late Len­
nart Karlsson, who also provided the sample, are 
gratefully acknowledged. Comments by Jacques 
Touret and Jean Dubessy improved the text. Facil­
ities for laser Raman microprobe analyses were 
provided by the Free University at Amsterdam, 
and by WACOM, a working group for analytical 
chemistry of minerals and rocks; this group is sub­
sidized by the Netherlands Organization for the 
Advancement of Pure Research (ZWO). Financial 
support was also provided by the Swedish Natural 
Science Research Council (NFR) , and the Swedish 
Board for Technical Development (STU). 

The paper is published with the permission of 
Boliden Mineral AB. 

475 

References 

Arvanitides, N & Rickard, D . 1981. REE-geochemistry of an 
Early-Proterozoic volcanic ore-dictrict, Dammberg, central 
Sweden: a summary of results . In: Rickard, D (ed.): Annual 
report of the Ore Research Group, ORG 81 - Stockholm 
Univ. 105-135 

Billstrom, K. 1985. An isotopic study of two Early-Proterozoic 
massive-sulfide deposits in the Bergslagen district, south cen­
tral Sweden - Ph.D. Thesis, Dep Geology, Stockholm Univ.: 
144 pp 

Bowers, T.S. & Helgeson, H.C. 1983. Calculation of the ther­
modynamic and geochemical consequences of nonideal mix­
ing in the system H20 -COrNaCI on phase relations in geolog­
ic systems, metamorphic equilibria at high pressures and tem­
peratures. - Am. Mineral. 68: 1059-1075 

Burke, E.A.J. & Lustenhouwer, W.J. 1987. The application of 
a multi-channel laser Raman microprobe (Microdil-28) to the 
analysis of fluid inclusions - Chem. Geo!. 61: 11-17 

Holdaway, M.J . 1971. Stability of andalusite and the aluminium 
silicate phase diagram - Am. J . Sci. 271: 99-131 

Holdaway, M.J. & Lee, S.M. 1977. Fe-Mg cordierite in high­
grade pelitic rocks based on experimental, theoretical and 
natural observations - Contrib. Mineral. Petrol. 63: 175-198 

Holloway, J .R . 1981. Compositions and volumes of supercrit­
ical fluids in the earth's crust. In: Hollister, L.S. & Crawford, 
M.L. (eds.): Short course in fluid inclusions: Application to 
petrology, MAC - Calgary: 13- 38 

Johansson, A. & Rickard D. 1985. Some new lead isotope 
determinations from the Proterozoic sulfide ores of central 
Sweden - Mineral. Deposita 20: 1-7 

Karlsson, K.L. 1980. The metavolcanoclastics in Saxberget -
their relation to high-grade metamorphism and intrusions. In: 
Rickard, D. (ed.) : Annual report of the Ore Research Group, 
ORG 80- Stockholm Univ.: 22-44. 

Karlsson, K.L. 1981. REE contents of high-grade rocks at Sax­
berget, central Sweden. In: Rickard, D . (ed.): Annual Re­
port of the Ore Research Group, ORG 81- Stockholm Univ.: 
85-104 

Karlsson, K.L. 1986. Corundum-bearing assemblages from the 
Proterozoic Zn-Pb-Cu deposit of Saxberget, central Sweden ­
Geol. Faren. Forh. 107: 233- 239 

Kerrick, D.M. 1972. Experimental determination of muscovite 
+ quartz stability with PH2o<P,0 1a1 - Am. J. Sci 272: 946-958 

Lundqvist, T. 1979. The Precambrian of Sweden - Sver. Geo!. 
Unders. C768: 1-87 

Moorman, A.C., Andriessen, P.A.M., Boelrijk, N.A.l.M., 
Hebeda, E.H. Oen, l.S. , Priem, H .N.A., Verdurmen, E.A., 
Verschure, R.H. & Wiklander. U, 1982. K-Ar and Rb-Sr 
mineral ages of skarns and associated metabasites and leptites 
in the Hjulsjo area of the Bergslagen ore province, central 
Sweden - Geo!. FOr. F6rh. 104: 1-9 

Poty, B., Leroy, J . & Jachimowicz, L. , 1976. Un nouvel appa­
reil pour la mesure des temperatures sous le microscope: 
!'installation de microtermometrie Chaixmeca. Bull. Soc. fr. 
Mineral Cristallogr. 99: 182- 186 



476 

Ramboz, C. 1980. Problemes poses par la determination de la 
composition des fluides carboniques complexes. a !'aide des 
techniques microthermometriques - Compt. Rend. Acad. 
Sci. Paris 290, Serie D : 499-502 

Swanenberg, H.E.C. 1980. Fluid inclusions in high-grade meta­
morphic rocks from S.W. Norway - Ph.D. Thesis, Univ. 
Utrecht , The Netherlands: 147 pp 

Van den Kerkhof, A.M. 1987. The fluid evolution of the Harm­
sarvet ore deposit, central Sweden - Geo!. For. Forh. 109: 
1- 12 

Vivallo, W. 1984. The origin of the Early-Proterozoic supracrus­
tal rocks in the Garpenberg district, south central Sweden -
Geo!. Fbr. Fbrh. 106: 131-149 

Vivallo, W. 1985. Sub-seafloor hydrothermal alteration during 
the Early Proterozoic at Garpenberg, central Sweden - Min­
eral. Deposita 20: 33-42 

Vivallo, W. & Karlsson, K.L. 1986. Geology and genesis of 
Proterozoic massive sulfide ores in a high-grade metamorphic 
terrain: the Saxberget mine, central Sweden - STU Rep. 
85-4538, Stockholm: 156 pp 




