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SPECIAL COLLECTION: APATITE: A COMMON MINERAL, UNCOMMONLY VERSATILE
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Abstract
Textural and compositional variations of apatite from rift-related gabbros, syenogabbros, syenites,
quartz-syenites, and nepheline syenites of the Mid-Proterozoic Gardar Province (South Greenland)
are presented and compared to apatite compositions from other rock suites.
The observed zoning textures of apatite are interpreted to represent (1) primary growth zonation
(concentric and oscillatory) that formed during magmatic differentiation and (2) secondary irregular
overgrowths, patchy zonation, and resorption textures, assigned to metasomatic overprinting due to
interaction with fluids/melts and intra-crystalline diffusion. Compositional variation in the apatites is
mainly due to coupled substitutions of Ca and P by variable amounts of Si, Na, and REE, which show
increasing concentrations during magmatic differentiation. Furthermore, F concentrations in apatites
increase from gabbroic through syenogabbroic to syenitic rocks, whereas Cl concentrations show the
opposite trend.
Compared to apatite compositions from gabbroic, dioritic, and granitic rocks in general, apatites
from alkaline rock suites are characterized by exceptionally high contents of REE and Si and in some
alkaline rocks they attain Sr contents comparable to those reported from carbonatites. Typical low
Mn and S contents are probably a result of low oxygen fugacity during crystallization at relatively
high temperatures.
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Introduction
Apatite is a common accessory mineral in a wide range of
igneous rocks (Liferovich and Mitchell 2006; Marks et al. 2012;
Piccoli and Candela 2002; Sha and Chappell 1999; Seifert et al.
2000; Teiber et al. 2015a). The apatite supergroup covers minerals with the structural formula M5(TO4)3X including phosphates,
arsenates, sulfates, vanadates, and silicates that can exhibit a wide
range of solid solution (Pasero et al. 2010). In igneous apatites,
the major cation in the M site is generally Ca, the T site is mainly
occupied by P, and the X site by F, OH, and Cl (e.g., Piccoli and
Candela 2002; Pan and Fleet 2002). Geochemically important
elements including Sr, Na, Fe, Mn, Rare Earth Elements (REE),
Si, and S substitute for Ca and P (cf. Belousova et al. 2002;
Chu et al. 2009; Pan and Fleet 2002; Piccoli and Candela 2002;
Marks et al. 2012; Sha and Chappell 1999; Teiber et al. 2015a;
Zirner et al. 2015).
Apatite compositions are controlled by temperature, pressure, oxygen fugacity, and composition of coexisting phases as
well as by the bulk composition of the host magma (Ayers and
Watson 1993; Belousova et al. 2001; Boyce and Hervig 2008;

Chu et al. 2009; Hoskin et al. 2000; Miles et al. 2014; Sha and
Chappell 1999; Watson and Green 1981; Parat et al. 2002).
Consequently apatite can be a sensitive recorder of magmatic
processes (e.g., fractional crystallization or magma mixing) as
well as of subsequent hydrothermal overprinting, metasomatism,
and re-equilibration during cooling (e.g., Harlov and Förster
2003; Harlov et al. 2005, 2011; Chu et al. 2009; Rønsbo 2008;
Tepper and Kuehner 1999; Wang et al. 2014; Teiber et al. 2015b).
In igneous rocks, apatite may occur as an early crystallizing
phase, precipitating over a very long crystallization interval
or may start crystallizing very late (e.g., Boudreau et al. 1993;
Hoskin et al. 2000).
On the basis of an extensive data set on apatite compositions
from variably differentiated rift-related alkaline igneous rocks,
we aim to (1) evaluate the potential of apatite for monitoring
magmatic and hydrothermal processes in such rock types and
(2) compare these data with apatite compositions from gabbroic, dioritc, and granitic rocks from non-alkaline associations
and from carbonatites (e.g., Belousova et al. 2001; Piccoli and
Candela 2002; Sha and Chappell 1999; Teiber et al. 2015a).
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The Gardar Province in South Greenland represents an uplifted and eroded continental rift province of Mesoproterozoic
age (see Upton et al. 2003 for a recent review). Between 1350
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