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Occurrence of apatite associated with magnetite in an ophiolite complex (Othrys), Greece
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ABSTRACT
Small irregular to lens-like occurrences (maximum 0.5 × 1 m) of apatite associated with magnetite and silicates are present in the Agoriani area of the Othrys ophiolite complex, central Greece.
The Ano Agoriani area is dominated by peridotite (plagioclase lherzolite) of the mantle sequence,
intruded by irregular bodies, dikes, and veins of gabbro, as well as by dikes of pyroxenite and pegmatitic gabbro.
Apatite occurs as large (up to 3 cm long) well-formed crystals associated with magnetite. The
aggregates consist predominantly of apatite, or massive magnetite with subordinate amounts of apatite. Apatite may also be accompanied by silicate minerals, mainly chlorite and lesser amounts of
serpentine, tremolite, and Ni-silicates (nepouite, pimelite), and by Ni-sulfides (pentlandite, violarite,
heazlewoodite).
The apatite-magnetite association from the Agoriani area differs from nelsonite hosted by anorthosite suites with respect to: (1) the host rock type (ophiolites); (2) the highly variable proportion
between apatite-magnetite; (3) the large size (up to 3 cm) of the apatite crystals; (4) the lack of
fluorine (<20 ppm F) in the apatite; (5) the presence of abundant liquid-rich, fluid inclusions in
apatite, and (6) the lack of ilmenite.
The high V content (700–1000 ppm) of the magnetite from Agoriani differs from that of disseminated Fe-Ti mineralization (Ti-magnetite, ilmenite) in the magmatic sequence of ophiolite complexes (mainly hosted in gabbronorites), as well as the pure, massive magnetite associated with
Fe-Ni-Cu-Co sulfides found in shear zones in ophiolite complexes. The composition of the apatite
(chlor-hydroxylapatite), the presence of abundant primary two-phase aqueous fluid inclusions in the
apatite, and the composition of the associated magnetite and sulfides, suggest that a hydrothermal
system played an essential role in the formation of these deposits.

INTRODUCTION
Segregations of apatite in association with Fe-Ti oxides
occur in a variety of geological settings. Nelsonites are rare
igneous rocks composed largely of apatite and Fe-Ti oxides
(magnetite, ilmenite, or rutile) that occur in association with
anorthosite suite rocks (Philpotts 1967, 1981; Watson and Green
1981; Kolker 1982; Herz and Force, 1987; Force 1991; Ashwal
1993; Owens and Dymek 1992; Darling and Florence 1995;
Duchesne 1999). Nelsonite is thought by some to originate as
an immiscible liquid separated from parent magmas of
ferrodioritic composition (Philpotts 1967, 1981; Kolker 1982).
Another kind of association of magnetite and apatite, without
significant ilmenite or rutile, is found in alkaline or calc-alkaline igneous rocks (McKeown and Klemic 1956; Philpotts 1967;
Darling and Florence 1995). The origin of apatite-magnetite
associations in these types of igneous rocks is not clear. Both a
magmatic (Park 1961; Henriquez and Martin 1978; Naslund et
al. 1998) and hydrothermal origin (Barton and Johnson 1996;
Murray and Oreskes 1997; Barton 1998) have been proposed
for the El Laco deposit, Chile. The characteristics of the Kiruna
deposit, in Northern Sweden, are not definitive regarding its
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origin. On the basis of field, textural, mineralogical, and
geochemical data, an exhalative-sedimentary origin has been
proposed by Park (1975) for the Kiruna deposits. Recently, the
Kiruna deposit has been compared to the El Laco deposit in
the Chilean Andes (Nystrom and Henriquez 1994).
Low-Ti, Fe-oxide (Cu-U-Au-Ag ± REE) deposits, like the
giant Olympic Dam (Australia), Bayan Obo (China), and most
of the New York-New Jersey deposits, are characterized by
magnetite and/or hematite and most contain apatite with significant amounts of REE. These deposits exhibit features consistent with a hydrothermal origin (Hitzman et al. 1992; Foose
and McLelland 1995; Barton and Johnson 1996; Oreskes and
Hitzman 1997).
Occurrences of apatite in ultramafic rocks are very rare
(Mitchell et al. 1943; Southwick 1968; Honnorez and Kirst
1975; Nickel et al. 1979; Hopkinson and Roberts 1995; Gjata
et al. 1995; Dick and Natland 1999). Recently, small concentrations of apatite associated with magnetite or silicates were
discovered along a shear zone in the Othrys (Ano Agoriani area)
ophiolite complex, Greece, at the tectonic contact between a
gabbroic rock and serpentinized lherzolite. This paper is probably the first report of an apatite-Fe oxide association in an
ophiolite complex, and we provide a description of the apatitemagnetite occurrence, an account of its mineral chemistry, and
a discussion of its genesis.
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