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Fukalite: An example of an OD structure with two-dimensional disorder
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aBStract

The real crystal structure of fukalite, Ca4Si2O6(OH)2(CO3), was solved by means of the application 
of order-disorder (OD) theory and was refined through synchrotron radiation diffraction data from a 
single crystal. The examined sample came from the Gumeshevsk skarn copper porphyry deposit in the 
Central Urals, Russia. The selected crystal displays diffraction patterns characterized by strong reflec-
tions, which pointed to an orthorhombic sub-structure (the “family structure” in the OD terminology), 
and additional weaker reflections that correspond to a monoclinic real structure. 

The refined cell parameters are a = 7.573(3), b = 23.364(5), c = 11.544(4) Å, β = 109.15(1)°, space 
group P21/c. This unit cell corresponds to one of the six possible maximum degree of order (MDO) 
polytypes, as obtained by applying the OD procedure. The derivation of the six MDO polytypes 
is presented in the Appendix1. The intensity data were collected at the Elettra synchrotron facility 
(Trieste, Italy); the structure refinement converged to R = 0.0342 for 1848 reflections with I > 2σ(I) 
and 0.0352 for all 1958 data. 

The structure of fukalite may be described as formed by distinct structural modules: a calcium 
polyhedral framework, formed by tobermorite-type polyhedral layers alternating along b with tilleyite-
type zigzag polyhedral layers; silicate chains with repeat every fifth tetrahedron, running along a and 
linked to the calcium polyhedral layers on opposite sides; and finally rows of CO3 groups parallel to 
(100) and stacked along a. 
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introduction

Fukalite was first found at Fuka, Okayama Prefecture, Japan 
(Henmi et al. 1977), and subsequently at Mihara, in the same 
Prefecture, and Kushiro, Hiroshima Prefecture. In the three 
localities, fukalite occurs in spurrite-gehlenite skarns as an altera-
tion product of spurrite. The occurrence, physical and chemical 
properties, X-ray crystallography, and thermal behavior of the 
new mineral have been presented by Henmi et al. (1977) and 
are here briefly reported.

Fukalite crystals from the type locality are white to pale 
brown, with the measured density 2.770 g/cm3; they are opti-
cally biaxial (2V = 90°) and have refractive indices α = 1.595, 
β = 1.605, and γ = 1.626. The chemical analyses, carried out 
on specimens from Fuka and Mihara are in very good agree-
ment with each other and point to the ideal chemical formula 
Ca4Si2O6(OH)2(CO3).

Weissenberg and precession photographs correspond to an 
orthorhombic cell, with a = 5.48, b = 3.78, c = 23.42 Å and pos-
sible space groups Bm21b, Bmmb, B2mb.

More recently fukalite has been found in veinlets cutting 
hydroxylellestadite metasomatic rock at the Gumeshevsk skarn 
copper porphyry deposit in the Central Urals, Russia (Grabezhev 
et al. 2004, 2007) and in skarn carbonate xenoliths of the Dovyren 
layered gabbro-peridotite massif, North Baikal Region, Russia 
(Zadov and Pertsev 2005).

GuMeShevSk and dovyren fukalite: 
occurrenceS, PhySical and cheMical data

The Gumeshevsk deposit is well known from the end of 18th 
century because of its high quality semi-precious malachite and 
rich copper ores. Fukalite occurs there in a hydroxylellestadite 
skarn body developed at the contact of a dike-like quartz-dio-
rite intrusion with lime marble. The metasomatic body consists 
mainly of hydroxylellestadite (~90 vol%) with admixtures of 
foshagite, andradite, chlorite, tobermorite, calcite, anhydrite, 
fukalite, and gypsum. Fukalite was found in the core of the explo-
ration bore hole 3871 in two intervals of the hydroxylellestadite 
skarn body: 530.4–531.9 m and 533.4–534.5 m of depth. 

The upper interval containing fukalite consists of a massive 
light-bluish-gray rock with 1–3 vol% of calcite, fine grains of 
andradite, flakes and spherulites of light-green chlorite, rare * E-mail: elena@dst.unipi.it


