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abstract

Fluorapatite-monazite-xenotime-allanite mineralogy, petrology, and textures are described for a suite 
of Kiruna-type apatite-iron oxide ore bodies from the Grängesberg Mining District in the Bergslagen 
ore province, south central Sweden. Fluorapatite occurs in three main lithological assemblages. These 
include: (1) the apatite-iron oxide ore bodies, (2) breccias associated with the ore bodies, which con-
tain fragmented fluorapatite crystals, and (3) the variably altered host rocks, which contain sporadic, 
isolated fluorapatite grains or aggregates that are occasionally associated with magnetite in the silicate 
mineral matrix. Fluorapatite associated with the ore bodies is often zoned, with the outer rim enriched in 
Y+REE compared to the inner core. It contains sparse monazite inclusions. In the breccia, fluorapatite 
is rich in monazite-(Ce) ± xenotime-(Y) inclusions, especially in its cores, along with reworked, larger 
monazite grains along fluorapatite and other mineral grain rims. In the host rocks, a small subset of the 
fluorapatite grains contain monazite ± xenotime inclusions, while the large majority are devoid of inclu-
sions. Overall, these monazites are relatively poor in Th and U. Allanite-(Ce) is found as inclusions and 
crack fillings in the fluorapatite from all three assemblage types as well as in the form of independent 
grains in the surrounding silicate mineral matrix in the host rocks. The apatite-iron oxide ore bodies 
are proposed to have an igneous, sub-volcanic origin, potentially accompanied by explosive eruptions, 
which were responsible for the accompanying fluorapatite-rich breccias. Metasomatic alteration of the 
ore bodies probably began during the later stages of crystallization from residual, magmatically derived 
HCl- and H2SO4-bearing fluids present along grain boundaries. This was most likely followed by fluid 
exchange between the ore and its host rocks, both immediately after emplacement of the apatite-iron 
oxide body, and during subsequent phases of regional metamorphism and deformation.
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introDuction

Apatite-iron oxide ores of the Kiruna type are the single 
biggest source of iron in Europe (e.g., Islamovic et al. 2015). 
These large, high-grade, apatite-iron oxide deposits occur world-
wide and are generally associated with volcanic to subvolcanic 
rocks. Notable examples of Kiruna-type deposits include: (1) 
the Kiirunavaara (Kiruna) ore body, northern Sweden (Geijer 
1910, 1931, 1967; Frietsch 1978, 1984; Nyström and Henriquez 
1994; Frietsch and Perdahl 1995; Harlov et al. 2002a; Nyström 
et al. 2008); (2) the Grängesberg district in south central Sweden 
(Johansson 1910; Looström 1929; Magnusson 1938; Geijer and 
Magnusson 1944; Allen et al. 1996; Hitzman et al. 1992; Jons-
son et al. 2013); (3) the Mineville ore body, Adirondacks, New 
York, U.S.A. (McKeown and Klemic 1956; Lupulescu and Pyle 

2005, 2008); (4) the Pea Ridge ore body, Arkansas, U.S.A. (Kis-
varsanyi and Kisvarsanyi 1989; Marikos et al. 1989; Sidder et al. 
1993; Kerr 1998; Harlov et al. 2016); (5) a series of ore bodies 
in the Bafq Region, central Iran (Förster and Jafarzadeh 1994; 
Mücke and Younessi 1994; Daliran 1990, 2002; Jami et al. 2007; 
Torab and Lehmann 2007; Daliran et al. 2010; Bonyadi et al. 
2011; Stosch et al. 2011; Taghipour et al. 2015); (6) the Jurassic 
Marcona deposit in south-central Peru (Chen et al. 2010); (7) 
the Aoshan fluorapatite-magnetite deposit in the middle-lower 
Changjiang metallogenic belt, China (Pan and Dong 1999); and 
(8) a suite of magnetite-fluorapatite bodies associated with the 
Plio-Pleistocene volcanoes in the Chilean High Andes and along 
the Cretaceous Coastal Andean Cordillera, among which is the 
well-known El Laco deposit (e.g., Nyström and Henriquez 1989, 
1994; Treloar and Colley 1996; Broman et al. 1999; Naslund et 
al. 2000, 2002; Henriquez et al. 2003). Beginning with Hitzman 
et al. (1992), apatite-iron oxide deposits of the Kiruna type, 
including Grängesberg, were suggested to be related to an “iron 
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