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ABSTRACT

Demartinite, ideally K2SiF6, is a new hexagonal polymorph of potassium ß uorosilicate, found in a fumarole at the rim of La 
Fossa crater, Vulcano Island, Aeolian Archipelago, Sicily, Italy. The mineral occurs as colorless hexagonal pyramidal crystals 
up to 0.3 mm across on a fragment of altered pyroclastic breccia, together with hieratite, avogadrite and knasibÞ te, a recently 
approved tetraß uoroborate-hexaß uorosilicate of Na and K. The mineral is hexagonal (6mm), space group P63mc, with a 5.6461(8) 
and c 9.2322(18) Å, V 254.88(7) Å3 . The crystals are sharp hexagonal pyramids {112}, terminated by the {001} pedion. The 
crystal structure has been reÞ ned to a Þ nal R index of 0.018; its SiF6

2� groups have the same geometry as in the other natural 
ß uorosilicates known. There are two independent twelve-coordinated K sites, displaying distorted cuboctahedral and hexagonal 
cuboctahedral coordination, respectively. The K�F distances are in the range 2.800(2) � 3.087(2) Å, with an average of 2.885 Å. 
The Si�F distances in the octahedral SiF6

2� anion range from 1.681(2) to 1.689(2) Å, with an average of 1.685 Å. The chemical 
analysis obtained by EDS microprobe gave (wt%) K 35.1, Si 12.4, F 51.0, Na 0.2, total 98.7, corresponding to the empirical 
formula (K2.00Na0.02)�2.02Si0.99F5.99, based on nine atoms per formula unit. The calculated density is 2.87 g cm�3, the measured 
density obtained by ß otation in heavy liquids is 2.85 g cm�3. The indices of refraction are: � 1.350 ± 0.005; � 1.340 ± 0.005 (589 
nm). Demartinite is uniaxial (�) and nonpleochroic (colorless). The strongest six lines in the X-ray powder-diffraction pattern [dobs 
in Å(I) hkl] are: 2.301(100)(004), 4.62(75)(002), 2.155(54)(022), 4.32(43)(011), 4.90(25)(010) and 2.358(22)(021). The mineral 
is named in honor of Prof. Francesco Demartin (b. 1953), who has made signiÞ cant contributions to the chemistry of metallic 
clusters and to the crystal structure of Alpine rare-earth minerals and uranium minerals. Both the mineral and the mineral name 
have been approved by the Commission on New Minerals and Mineral Names of the IMA (No. 2006�034).
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SOMMAIRE

La demartinite, nouvelle espèce minérale de composition idéale K2SiF6, est un polymorphe hexagonal du ß uorosilicate de 
potassium, découvert dans une fumerolle en bordure du cratère La Fossa, île de Vulcano, archipel aéolien, en Sicile, Italie. Le 
minéral se présente en cristaux incolores hexagonaux et pyramidaux atteignant 0.3 mm recouvrant un fragment de brèche pyro-
clastique altérée, accompagné de hiératite, avogadrite et knasibÞ te, un tétraß uoroborate-hexaß uorosilicate de Na et K récemment 
approuvé. Il s�agit d�un minéral hexagonal (6mm), groupe spatial P63mc, avec a 5.6461(8) et c 9.2322(18) Å, et V 254.88(7) Å3 . 
Les cristaux ont une forme pyramides hexagonales {112} aigues, terminées par le pédion {001}. Nous en avons afÞ né la structure 
jusqu�à un résidu R de 0.018. Les groupes SiF6

2� possèdent la même géométrie que dans les autres ß uorosilicates naturels connus. 
Il y a deux sites K à coordinence 12, cuboctaédrique difforme dans un cas et cuboctaédrique hexagonale difforme dans l�autre. 
Les distances K�F sont entre 2.800(2) et 3.087(2) Å, et en moyenne, 2.885 Å. Les distances Si�F des octaèdres SiF6

2� sont entre 
1.681(2) et 1.689(2) Å, et en moyenne, 1.685 Å. Une analyse chimique obtenue par dispersion d�énergie a donné K 35.1, Si 12.4, 
F 51.0, Na 0.2, pour un total de 98.7% (poids), ce qui correspond à la formule empirique (K2.00Na0.02)�2.02Si0.99F5.99, fondée sur 
neuf atomes par formule unitaire. La densité calculée est 2.87 g cm�3, la densité mesurée par ß ottation dans une liqueur dense 
est 2.85 g cm�3. Les indices de réfraction sont: � 1.350 ± 0.005, � 1.340 ± 0.005 (589 nm). La demartinite est uniaxe (�) et non 
pléochroïque (incolore). Les six raies les plus intenses du spectre de diffraction, méthode des poudres [dobs en Å(I) hkl] sont: 
2.301(100)(004), 4.62(75)(002), 2.155(54)(022), 4.32(43)(011), 4.90(25)(010) et 2.358(22)(021). Le nom est choisi pour honorer 
Francesco Demartin, né en 1953, professeur, responsable de contributions importantes à la chimie des groupements métalliques 
et à la documentation de structures cristallines de minéraux alpins contenant les terres rares et l�uranium. Le minéral et le nom 
ont reçu l�approbation de la Commission des Nouveaux Minéraux et des Noms de Minéraux de l�IMA (no. 2006�034).

 (Traduit par la Rédaction)
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borate-hexaß uorosilicate, K3Na4[SiF6]3[BF4], recently 
approved as a new species by the IMA Commission on 
New Minerals and Mineral Names (IMA 2006�042). 
The observed forms are the pedion {001} and the 
hexagonal pyramid {112}. Demartinite is isostructural 
with the artiÞ cial compound (NH4)2SiF6 described by 
Fábry et al. (2001).

The mineral is not hygroscopic; the calculated 
density is 2.87 g cm�3, and the measured density is 
2.85 g cm�3 obtained by ß otation in heavy liquids. 
The indices of refraction are: � 1.350 ± 0.005, � 1.340 
± 0.005 (589 nm). The mineral is uniaxial (�) and 
nonpleochroic (colorless).

CHEMICAL DATA

An initial energy-dispersion spectrum (EDS) 
obtained with a scanning electron microscope showed 
K, Si, and F to be the only important constituents. 
Therefore, chemical analyses were carried out by 
means of an EDS-equipped electron microscope (20 
kV, 10�11A, 2 �m beam diameter). The mean analytical 
results are reported in Table 1.

The empirical formula (based on 9 atoms per 
formula unit) is: (K2.00Na0.02)�2.02Si0.99F5.99; the simpli-
Þ ed formula is: K2SiF6, which requires: K 35.50, Si 
12.75, F 51.75, total 100.00 wt.%.

A wavelength-dispersion (WDS) analysis was 
attempted, but the results were poor, owing to the 
difÞ culty in obtaining an adequate polish of the sample 
and to volatilization under the electron beam. In both 
EDS and WDS scans, no trace of Rb, Cs, and Tl was 
detected.

X-RAY DATA AND STRUCTURE REFINEMENT

We acquired the X-ray powder-diffraction data using 
a GandolÞ  camera 114.6 mm in diameter, with CuK� 
radiation (Table 2). A least-squares Þ t of these data 
provided the following unit-cell parameters (hexagonal 
cell): a 5.621(5), c 9.235(11) Å, and V 252.6(5) Å3.

Single-crystal diffraction data were collected from a 
pyramidal crystal (0.15 � 0.12 � 0.10 mm) with MoK� 
radiation (� = 0.71073 Å), using a BRUKER Apex II 
diffractometer equipped with a 2K CCD detector. A 
one-minute frame-time and 0.2° frame width were used. 
A total of 2380 reß ections were measured up to 2	 = 
58.32° (2146 individual reß ections belonging to the 
Ewald sphere), of which 296 are unique. The unit-cell 
dimensions were reÞ ned by least squares from 1604 
reß ections with I > 5
(I); the reÞ ned values are given 
in Table 3, together with other details concerning the 
collection and reÞ nement of data. An absorption correc-
tion was applied using the SADABS program (Sheldrick 
2000). The distribution of E-values and the morphology 
of the crystals strongly suggested that demartinite is 
non-centrosymmetric and polar, and the possible space-
group P63mc was conÞ rmed by structure solution. The 

INTRODUCTION

More than one century ago, Alfonso Cossa, in 
his investigation of the minerals of Vulcano, Aeolian 
Islands, in Sicily, Italy, discovered two new minerals, 
cannizzarite and hieratite (Cossa 1881�1882, 1882, 
1884). The Þ rst of these new minerals, a lead�bismuth 
sulfosalt, occurs together with bismuthinite and galeno-
bismuthite, and the second is a potassium hexaß uorosili-
cate, K2SiF6, found in cubic crystals. Hieratite was later 
found also at Vesuvius (Zambonini & Carobbi 1926).

In recent times, there has been a renewed interest in 
the rare minerals occurring in the fumarole system at 
the La Fossa crater, leading to the discovery of further 
lead�bismuth sulfosalts, including new species such 
as vurroite, Pb20Sn2(Bi,As)22S54Cl6, and mozgovaite, 
PbBi4(S,Se)7 (Vurro et al. 1999, Garavelli et al. 2005, 
and references therein). In addition, a new complex 
ß uoride, barberiite, NH4BF4, (Garavelli & Vurro 1994) 
and thallium chloride, lafossaite (Roberts et al. 2006), 
were observed in nature for the Þ rst time.

Demartinite is a newly discovered hexagonal poly-
morph of K2SiF6; it was collected in April 2006 from 
a fumarole at the rim of the La Fossa crater, Vulcano 
Island, Aeolian Archipelago. 

Demartinite is named after Francesco Demartin (b. 
1953), Professor of General and Inorganic Chemistry 
at the State University of Milan in recognition of his 
signiÞ cant contributions to the chemistry of metallic 
clusters in organometallic compounds and to the crystal 
structure of Alpine rare-earth minerals and uranium 
minerals. Both the mineral and the mineral name have 
been approved by the Commission on New Minerals 
and Mineral Names of the IMA (No. 2006�034). The 
holotype is deposited (no. 2006�1) in the Reference 
Collection of Dipartimento di Chimica Strutturale e 
Stereochimica Inorganica of Università degli Studi di 
Milano.

PHYSICAL PROPERTIES

The mineral occurs as colorless hexagonal pyramidal 
crystals (Fig. 1) up to 0.3 mm across on a fragment (4 � 
3 � 1.5 cm) of altered pyroclastic breccia, together with 
hieratite, avogadrite and knasibÞ te, a new tetraß uoro-
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structure was solved by direct methods with SIR97 
(Altomare et al. 1999) and reÞ ned with the SHELXL97 
program (Sheldrick 1997) implemented in the WINGX 
suite (Farrugia 1999). An extinction parameter x was 
reÞ ned to the value of 0.031(6), where Fc is multiplied 
by k [1+ 0.001xFc

2�3/sin(2	)]�1/4, in which expression 
k is the overall scale-factor. The Þ nal coordinates and 
displacement parameters of the atoms are reported in 
Table 4. A projection of the crystal structure along [001] 
is provided as Figure 2a, whereas a side view perpen-
dicular to the hexagonal axis is shown in Figure 2b.

A comparison of demartinite with the other natural 
and synthetic ammonium and potassium hexaß uoro-
silicates is reported in Table 5. A table of observed and 
calculated structure-factors may be obtained from The 

Depository of Unpublished Data on the MAC web site 
[document Demartinite CM45_xxx].

RESULTS AND DISCUSSION

The structure contains two independent twelve-co-
ordinated K sites, displaying hexagonal cuboctahedral 
(K1) and distorted cuboctahedral (K2) coordination, 
respectively. The Þ rst of these polyhedra is entirely 
different from that occurring in hieratite; in contrast, 
the second one is very similar. A comparison of these 
polyhedra with the cuboctahedron in hieratite is shown 
in Figure 3. Selected interatomic distances are reported 
in Table 6. For the Þ rst potassium atom (K1), the K�F 
distances are in the range 2.800(2)�2.895(2) Å, with 
an average of 2.842 Å; for the second (K2), the range 
is 2.858(2)�3.087(2) Å, with an average of 2.928 Å. 
In hieratite, the corresponding distances (all equal) 
are 2.897(1) Å. The Si�F distances in the octahedral 
SiF6

2� anionic group range from 1.681(2) to 1.689(2) 

FIG. 1. A SEM image of a demartinite crystal.
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FIG. 2. A projection of the crystal structure of demartinite along the c axis (a, left) and a view (b, right) perpendicular to the c 
axis (here horizontal). The octahedra are SiF6 polyhedra.

FIG. 3. Coordination polyhedra of the K atoms in demartinite (a, b) and hieratite (c).

a b
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Å, with an average of 1.685 Å, which is identical with 
that of hieratite (within 1
). The reason for the polar 
symmetry is shown in Figures 2a and 2b. At least at 
Þ rst sight, the side view (Fig. 2b) seems to show the 
presence of glide planes perpendicular to the c axis, but 
the two K atoms are not at all equivalent, as is clearly 
shown in Figure 2a.

The analogy with the synthetic isostructural 
hexagonal P63mc ammonium compound (Table 5) 
suggests isomorphism, just as may also be inferred 
for the corresponding cubic Fm3m modifications 
hieratite K2SiF6 and cryptohalite (NH4)2SiF6 (Ketelaar 
1935). In line with the larger size of the NH4

+ ion, 
with respect to that of K+, the unit-cell volumes of the 
ammonium compounds are larger than those of the 
corresponding potassium compounds, a phenomenon 
reß ected in the longer NH4�F distances with respect to 
the K�F distances (the Si�F distances in the ammonium 

compounds are also slightly longer than in the potas-
sium compounds).

An artiÞ cial hexagonal polymorph of K2SiF6 (named 
�camermanite�) has long been reported (Gossner 1903, 
Denaeyer & Ledent 1950, 1952). However, the crys-
tals were found to be unsuitable for X-ray diffraction, 
even for obtaining powder data, and the only available 
crystallographic information is morphological, the 
habit consisting of small hexagonal crystals, tabular 
on {001}, slightly modiÞ ed by {201} faces; the angles 
were difÞ cult to measure adequately. From such data, 
Gossner (1903) deduced the c: a ratio to be 0.8003. This 
ratio is reasonably close to the c: 2a ratio in demartinite 
(0.818), but it is not too far from the c:a ratio (0.829) of 
bararite (NH4)2SiF6, a mineral for which an isostructural 
K-analogue might also exist (Table 5).

For this reason, and also in view of the distinctive, 
markedly pyramidal habit of demartinite, we cannot at 
present conÞ rm the identity of �camermanite� with our 
mineral. It may be interesting to note that Palache et 
al. (1951) reported that �a hexagonal modiÞ cation [of 
K2SiF6] isostructural with bararite is known only as an 
artiÞ cial compound�, but no detailed indications about 
the real nature of this phase were given.

In view of the smaller molar volume, demartinite 
and all the trigonal or hexagonal polymorphs of these 
ß uorosilicates should be more stable at higher pressures 
than the cubic phases, but the apparent conditions at 
the surface of fumaroles rather suggest their formation 
as metastable products. With respect to temperature, 
Denaeyer & Ledent (1952) seemed to suggest that hiera-
tite is formed at a higher temperature (say, 100�150°C) 
than the hexagonal phase(s), but no precise data are 
available, and the formation of all such fumarolic 
minerals may not correspond to chemical equilibrium.
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