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The crystal structure of svabite, Ca5(AsO4)3F, an arsenate member of the apatite supergroup
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Abstract
The crystal structure of svabite, ideally Ca5(AsO4)3F, was studied using a specimen from the Jako-

bsberg mine, Värmland, Sweden, by means of single-crystal X-ray diffraction data. The structure was 
refined to R1 = 0.032 on the basis of 928 unique reflections with Fo > 4s(Fo) in the P63/m space group, 
with unit-cell parameters a = 9.7268(5), c = 6.9820(4) Å, V = 572.07(5) Å3. The chemical composition 
of the sample, determined by electron-microprobe analysis, is (in wt%, average of 10 spot analyses): 
SO3 0.49, P2O5 0.21, V2O5 0.04, As2O5 51.21, SiO2 0.19, CaO 39.31, MnO 0.48, SrO 0.03, PbO 5.19, 
Na2O 0.13, F 2.12, Cl 0.08, H2Ocalc 0.33, O (≡ F+Cl) –0.91, total 98.90. On the basis of 13 anions per for-
mula unit, the empirical formula corresponds to (Ca4.66Pb0.16Mn0.04Na0.03)S4.89(As2.96S0.04Si0.02P0.02)S3.04O12 

[F0.74(OH)0.24Cl0.01]. Svabite is topologically similar to the other members of the apatite supergroup: 
columns of face-sharing M1 polyhedra running along c are connected through TO4 tetrahedra with 
channels hosting M2 cations and X anions. The crystal structure of synthetic Ca5(AsO4)3F was 
previously reported as triclinic. On the contrary, the present refinement of the crystal structure of 
svabite shows no deviations from the hexagonal symmetry. An accurate knowledge of the atomic 
arrangement of this apatite-remediation mineral represents an improvement in our understanding of 
minerals able to sequester and stabilize heavy metals such as arsenic in polluted areas.
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Introduction
The general formula of the members of the apatite super-

group is IXM12
VIIM23(IVTO4)3X. Svabite is a rare member of the 

supergroup with M1 = M2 = Ca, T = As, X = F and ideal formula 
Ca5(AsO4)3F. Historically, svabite was described as the arsenate 
analog of “apatite” (Sjögren 1891, 1892) at a time when little 
attention was paid to the nature of the X anion as a discrimi-
nant between distinct species. As a consequence, the original 
description of svabite was based on analyses of samples from 
two different localities (Harstigen mine, Persberg district, and 
Jakobsberg mine, Nordmark district) in the Långban mining 
area, Värmland, Sweden.

The analyses were different: the sample from Harstigen 
was fluorine free, the sample from Jakobsberg had some 2 
wt% F. According to the current definition of mineral and to 
the specific guidelines for the nomenclature of apatite super-
group minerals (Pasero et al. 2010), the sample from Harstigen 
corresponds to johnbaumite, the sample from Jakobsberg to 
svabite. This notwithstanding, it is Harstigen that has been 
designated as the type locality for svabite (e.g., Palache et 
al. 1951; Gaines et al. 1997), although svabite probably does 
not occur there.

Since then, svabite was reported from very few other locali-

ties worldwide. In two cases only chemical analyses are given 
for the mineral: from Franklin, New Jersey, U.S.A. (Bauer and 
Berman 1930), and from the Solongo boron deposit, Buryatia, 
Siberia, Russia (Malinko et al. 1966). At both these localities, 
OH is dominant and therefore the alleged svabite is actually 
johnbaumite. As a consequence, the unique unequivocal oc-
currence of svabite is the Jakobsberg mine, based on a wet 
chemical analysis dating back to the 19th century and to an 
electron-microprobe analysis given by Welin (1968). A crystal 
structure refinement of svabite was never carried out. The only 
available structural data are for synthetic Ca5(AsO4)3F (Baikie 
et al. 2007).

As understanding the atomic arrangements of As-rich 
apatite minerals would help to better refine their utility in 
environmental remediation (Rakovan and Pasteris 2015), we 
undertook a chemical and crystallographic re-examination 
of material from the Jakobsberg mine, aiming to confirm the 
occurrence of svabite at the type locality and to refine its 
crystal structure.

Experimental methods
The studied specimen consists of a fine- to medium-grained mixed hausman-

nite and jacobsite mineralization in which centimeter-sized areas of white to 
pale rose-colored assemblages of fine- to medium-grained svabite and tilasite 
occur. Associated accessory and minor mineral phases are baryte, dolomite, 
oxycalcioroméite, berzeliite, and adelite. This specimen was donated together 
with his large mineral collection by Hjalmar Sjögren to the Swedish Museum of 
Natural History in 1902. In the catalog of this donation there exists two specimens 
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