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Abstract
The mineralogy and crystal chemistry of apatites occurring in 14 ejecta of historical eruptions (1631
and 1872 A.D.) of the Somma-Vesuvius volcanic complex were investigated by a multi-methodological
approach including polarized optical microscopy, scanning electron microscope, electron microprobe
analysis in wavelength-dispersive mode, laser ablation inductively coupled plasma mass spectroscopy,
and single-crystal X‑ray diffraction. Five different groups of apatite, with different mineralogical
and crystal-chemical features, were identified. Apatite crystals occur with well-developed hexagonal
prismatic habit and, more rarely, with skeletal acicular forms. The crystals are yellow (type 1), transparent and colorless (type 2 and type 3), green (type 4) and aquamarine colored (type 5), with different
paragenesis: macro-crystalline aggregates of clinopyroxenes, phlogopite, and apatite (type 1; type 4);
clusters of apatite with micro-crystalline clinopyroxene, minerals of the cancrinite group, feldspars,
and opaque minerals (type 2); aggregates of apatite, sellaite, wagnerite, gypsum, and phlogopite (type
3); aggregates of davyne, nepheline, mica group minerals, and apatite (type 5). Chemical analyses of
apatites show variable amounts of Na, REE, Mg, Sr, and Fe replacing Ca, not negligible amounts of
Si and S substituting P, and a significant substitution of Cl and OH instead of F. Five crystals representative of each apatite-type were studied by single-crystal X‑ray diffraction. Their crystal structure
was refined in the hexagonal P63/m space group. A significant variation of the unit-cell parameters
with the composition was observed. A comparative crystal-chemical analysis between apatites from
Somma-Vesuvius and those from other localities is carried out.
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Introduction
The apatite minerals are natural orthophosphates with general
formula M10(ZO4)6X2, where M is typically Ca2+, in some cases
partially replaced by several metal cations like Na+, Sr2+, Mg2+,
Fe2+, REE3+, and other elements (K+, Mn2+, Ni2+); (ZO4)3– is the
anionic group, usually represented by a tetrahedral (PO4)3– unit,
with partial replacement by (AsO4)3–, (SO4)2–, (SiO4)4– and
(CO3)2–; X, the halogen site, is occupied by F−, Cl−, or (OH)−,
and rarely, S2–, Br−, or ½O2– (Hughes et al. 2002). Carbonate
ion (CO3)2– and molecular water (H2O) have also proven to
enter into the X site of apatite (Mason et al. 2009; Nelson and
Featherstone 1982; Suetsugu et al. 1998; Wilson et al. 2006a).
Two primary sites for carbonate incorporation in apatite have
been identified (Nelson and Featherstone 1982; Suetsugu et al.
1998); the carbonate ion can replace a channel anion (A-type
substitution) with its plane parallel to the c axis; alternatively,
carbonate can occupy a tetrahedral site (B-type substitution) by
aligning its plane at a 30 to 40 degree angle to the c axis (Wilson
et al. 2006b). A- and B-type substitutions can exist independent
of one another, or they can occur simultaneously as an AB-type
substitution. Molecular water enters into the X site, making up
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a complex network of H bonds within the structure, and acting
as a vacancy-filling species that stabilizes the whole structure
(Mason et al. 2009; Wilson et al. 2006a).
This complex and variable crystal chemistry reflect minerogenetic and geodynamic environments (Piccoli and Candela 2002;
Prowatke and Klemme 2006; Vapnik et al. 2007; McCubbin and
Nekvasil 2008). Moreover, the apatites can be used to describe
the metasomatic processes responsible of lherzolitic mantle
modifications, and to define the thermal budget of the lithosphere (O’Reilly and Griffin 2000). Recently, a study of lunar
apatites was presented by Boyce et al. (2010) and McCubbin et
al. (2010). The physical and chemical properties of apatite group
minerals are widely used in biology, biotechnology, and material
sciences (Wilson et al. 2004; White et al. 2005; Boskey 2007). In
last years, promising applications of synthesized apatites were
reported as bone- or teeth-replacing materials (Masmoudi et al.
2007; Leventouri et al. 2009), and as potential hazardous waste
fixation minerals (Lutze and Ewing 1988).
Natural apatites crystallize in the hexagonal crystal system,
commonly in the centrosymmetric space group P63/m, though
there are examples of monoclinic P21/b chlorapatite and hydroxylapatite end-members described by Hughes et al. (1990).
Concerning synthetic phases, we quote other possible space
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