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abStract

A series of synthetic apatite crystals along the fluorapatite-chlorapatite Ca5(PO4)3(F,Cl) join have 
been synthesized at 1220 to 1375 °C from Ca3(PO4)2 dissolved in a CaF2-CaCl2 melt. The solid solu-
tions have then been characterized both chemically and structurally. Because of well-known difficul-
ties in measuring the chemical composition of apatites containing F and Cl by electron microprobe 
a new semi-micro wet chemical method has been developed. Apatite is relatively well dissolved in 
mineral acids including HNO3. Nitric acid digestion of apatite for analysis of F and Cl has not been 
applied in the past to our knowledge. One reason is the potential risk of losing gaseous HF and HCl 
during acid decomposition. We present an analytical procedure that enables the analyses of F, Cl, Ca, 
P, and trace elements after digestion of 10 mg apatite with a small amount of 1 N HNO3 in gas-tight 
PTFE tubes at 80 °C. Analytical results from three independent closed acid digestions of 20 synthetic 
fluor-chlorapatites are presented. The reliability of this method was tested on the basis of charge bal-
ance, the Ca/P, Ca/(F+Cl), and P/(F+Cl) ratios, and the total cation sum. Independently derived Cl/F 
ratios by XRD using Rietveld refinement of apatite crystals from the same synthesis experiments are 
additionally presented. 

The apatite solid solutions were characterized by IR spectroscopy, X-ray powder diffraction us-
ing Rietveld refinements (XRD), and single-crystal diffraction (SCXRD) structure determinations. 
IR spectra indicate no or only a very minor hydroxylapatite component in the solid solutions. Lattice 
parameters of the apatite solid solutions vary systematically with composition. The a-lattice parameter 
varies linearly. In contrast to F–, which occupies a special position at (0,0,1/4) in the unit cell, Cl– oc-
cupies split positions ranging from 0.346(4) to 0.4428(2) in the z-coordinate because of the larger ionic 
Cl– radius. Single-crystal structure determinations reveal that the Ca2 site is also split into Ca2A and 
Ca2B sites for F– and Cl– as nearest neighbors, respectively. In comparison to the Ca2A-F– arrangements, 
the larger Cl– ion presses the triangular arrangement of Ca-ions outward to facilitate an energetic more 
favorable constellation resulting in the formation of Ca2B-Cl– arrangements. The occupancies of the 
Ca2A and Ca2B sites, as determined by SCXRD, correlate strictly with the F-Cl content.

Apatites rich in Cl (xCl > 0.5) show a deficiency in halogens, which is probably charge balanced 
by oxygen (Cl–+Cl– ↔ O2–+o) forming an oxyapatite component. The oxyapatite component pre-
vents the F-absent, Cl-rich apatite from crystallizing with a monoclinic symmetry and stabilizes the 
observed hexagonal symmetry.
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introduction

Apatites [Ca5(PO4)3(X), with X = F, OH, Cl], is one of the 
most widespread accessory minerals in both metamorphic and 
igneous rocks where it acts as the one of the principal repositories 
for P and F. In nature, fluorapatite [Ca5(PO4)3F] and chlorapatite 
[Ca5(PO4)3Cl] form a continuous solid-solution series. Such solid 
solutions occur in mafic to ultramafic igneous rocks (Boudreau 
and McCallum 1989, 1990; Meurer and Boudreau 1996; Meurer 
and Meurer 2006; Boudreau et al. 1993; Boudreau and Kruger 
1990; Meurer et al. 2004; Boudreau et al. 1995) as well as in 
metapelitic rocks where fluorapatite has been metasomatized 

to chlor-fluorapatite by Cl-rich fluids during hornfels meta-
morphism (Harlov et al. 2006b). In none of the studies cited 
above is there any indication of a miscibility gap along the 
flour-chlorapatite join. However, at low temperatures exsolution 
might be possible (White et al. 2005).

In most metamorphic rocks, accessory apatite typically 
consists of fluorapatite with minor Cl- and OH-components and 
commonly coexists with F- and Cl-bearing biotite (e.g., Piccoli 
and Candela 2002; Harlov et al. 2006b; Hansen and Harlov 
2007). An understanding of the physical-chemical and structural 
properties of the fluor-chlorapatite solid solution is important 
for the calibration of biotite-apatite F-Cl exchange thermometry 
(Sallet 2000) as well as for the subsequent evaluation of F-Cl 
mixing properties in biotite (Zhu and Sverjensky 1992; Munoz * E-mail: gottschalk@gfz-potsdam.de


