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Fluid inclusions in epigenetic Fe-Cu-Au ores in northern Norrbotten
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Northern Norrbotten is characterized by a thick (c. 8–10 km) 
succession of Paleoproterozoic greenstones, porphyries and clas-
tic sediments deposited on an Archean basement. The supracrus-
tal rocks have been deformed, metamorphosed in upper green-
schist to amphibolite facies and intruded by at least two genera-
tions of granitoids. Several magnetite-apatite and epigenetic Fe-
Cu-Au deposits are hosted by the greenstones and the overlying 
porphyries. The porphyry hosted Kiruna magnetite-apatite ores 
are the best known. A large number of epigenetic low-sulfi de Fe-
Cu-Au deposits are present in the area. These deposits, which 
today are a prime target for exploration companies, typically 
are associated to shear zones and occur both in the greenstones 
and in the porphyries. The Fe-Cu-Au deposits appear as vein-
lets or breccia fi llings with or without quartz, are copper-rich 
and composed of pyrite, chalcopyrite, bornite, in some deposits 
chalcocite, and minor amounts of molybdenite. The deposits 
are enriched in gold. Magnetite is present, often as a major con-
stituent and magnetite-apatite veinlets is not uncommon. In 
places, the Cu-minerals have been altered to malachite. Ore-
related alteration of the mineralizations hosted by the green-
stones are albitization, scapolitization and carbonization, and the 
rocks around those hosted by the porphyries show an alteration 
composed of K-feldspar, scapolite, tourmaline and sericite. The 
fact that many of these Fe-Cu-Au deposits are rich in magnetite 
and some are associated with the magnetite-apatite deposits sug-
gests that there may exist a possible genetic link between these 
two types of mineralizations. However, many questions regard-
ing the origin of these deposits remains to be solved before a 
fi nal conclusion can be made. Different hypothesis of the gen-
esis for these deposits have been proposed with models that 
invokes magmatic origin, or a formation primarily by shallow 
level hydrothermal processes and the involvement of fl uids with 
evaporitic components. 

Five generations of fl uid inclusions in samples from different 
Fe-Cu-Au deposits in the area are differentiated on the bases of 
their relative appearance in the samples and microthermometric 
analyses. The inclusions display a general trend with decreasing 
salinity. A multisolid type (AM) is the earliest and related to an 
early phase of chalcopyrite mineralization. This type contains up 
to six different solid phases besides a liquid and a vapor phase. 
Halite, sylvite, calcite, hematite are identifi ed and, together with 

the very low fi rst melting temperatures (Tfm) suggesting a NaCl-
CaCl2 (+ other chlorides) dominated aqueous phase, a very com-
plex supersaline composition is indicated. These inclusions show 
a low partial homogenization of the liquid and vapor phases 
in the range 110–200 oC and melting of halite in most cases 
between 400–450 oC. In some inclusions, halite was still present 
at higher temperatures, but most inclusions decrepitated at tem-
peratures above 450 oC. The next two types are associated with 
the main chalcopyrite deposition. They contain two (A2) or one 
(A1) solid phases, a liquid and a vapor phase. The solids are iden-
tifi ed as halite in both types and calcite as the additional phase 
in A2. Tfm points to a NaCl-CaCl2-rich solution. The liquid 
and the vapor phases homogenize in the range 100–240 oC and 
melting of halite was measured at 180–420 oC. The highest 
halite melting and the lowest partial homogenization of liquid 
and vapor were recorded for the inclusions with a calcite crystal 
together with halite (A2). The inclusions have salinities of 30–50 
eq. wt. % (NaCl+CaCl2). The low partial homogenization tem-
perature (l+v+s to l+s) measured on the multisolid and halite-
bearing aqueous inclusions (type AM, A2 and A1) and with 
signifi cantly higher halite dissolution temperature for the same 
inclusions suggests relatively high trapping pressures. One pos-
sible estimate is up to 5 kbar for the earliest generation followed 
by a gradually decreasing pressure for the later populations. The 
fi nal aqueous type (A) is associated with bornite and is com-
posed of a liquid phase and a vapor. The melting temperatures 
of the ice refl ect a NaCl-CaCl2 solution with a salinity around 
18–25 eq. wt. % (NaCl+CaCl2). Total homogenization occurred 
between 110–220 oC. The last type of inclusions (C) that occurs 
in the samples consists of an almost pure CO2 phase and appears 
along healed microfractures or connected to grain boundaries. 
This CO2 fl uid seems to show a correlation with enhanced gold 
content in the deposits. 

The fl uid inclusion analyses show that the epigenetic Fe-
Cu-Au deposits in northern Norrbotten have formed from hot 
and highly saline aqueous fl uids at a high pressure. One impor-
tant question is whether these hypersaline aqueous fl uids are 
remnants of magmatic-derived fl uids (related to the magnetite-
apatite deposits?) or if they are a product of other geological 
processes.


