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abStRact

The crystal structure of synthetic konyaite, Na2Mg(SO4)2·5H2O, a = 5.7690(8), b = 23.951(3), c = 
8.0460(11) Å, β = 95.425(2)°, V = 1106.8(3) Å3, space group P21/c, Z = 4, was solved using single-
crystal X-ray diffraction. Hydrogen atom positions were determined and the structure solution was 
refined to R1 = 3.31% and wR2 = 6.28% for the 2167 measured independent reflections. Three distinct 
cation sites host the Mg and Na atoms in distorted octahedra and eight-coordinated polyhedra. The 
coordination polyhedra share edges to form compact sheets oriented perpendicular to b and linked to 
one another by hydrogen bonds. This results in a {010} tabular habit. A comparison of this structure is 
made to that of blödite [Na2Mg(SO4)2·4H2O], the dehydration product of konyaite. Konyaite is discussed 
within the context of the Na2O-MgO-SO4-H2O system. This study is part of ongoing investigations 
into the dehydration mechanisms and phase stability of this system. 
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intRoduction

Konyaite is a hydrated sodium-magnesium-sulfate salt. It is 
most commonly found as white mineral efflorescences associated 
with marine and lacustrine sediments such as those found in the 
Great Konya Basin, Turkey (van Doesburg et al. 1982), and in 
the Northern Great Plains of North Dakota (Keller et al. 1986a). 
Konyaite is sensitive to variations in temperature and humidity 
and dehydrates readily to blödite, Na2Mg(SO4)2·4H2O. Both 
phases precipitate when saline solutions become supersaturated 
through evaporation (Keller et al. 1986b). 

The Na2O-MgO-SO4-H2O system has been the subject of 
numerous studies. Archibald and Gale (1924) and Blasdale and 
Robson (1928) both concerned themselves with mapping out 
the phase relationships, but neither study identified konyaite. 
D’Ans (1933) later suggested that a metastable phase may 
exist in the blödite field of stability, describing it as a labile 
double salt, but this was not further investigated. The study of 
individual phases related to this system also became important: 
Rumanova (1958) solved the crystal structure of blödite, later 
to be refined by Hawthorne (1985). Baur (1964) investigated 
the crystal structure of epsomite (MgSO4∙7H2O), while Zalkin 
et al. (1964) studied hexahydrite (MgSO4∙6H2O) and Fischer 
and Hellner (1964) studied vanthoffite, Na6Mg(SO4)4. Fang 
and Robinson (1970) also described the structure of löweite, 
Na12Mg7(SO4)13∙15H2O. Figure 1 shows how these phases 
are compositionally related to one another, and to thenardite 
(Na2SO4) and mirabilite (Na2SO4∙10H2O). Driessen and Schoorl 
(1973) tied the previously modeled phase stability relationships 
to a field study of the saline soils of the Great Konya Basin, but 
konyaite was again overlooked. Meanwhile, Nord (1973) and 
later Hawthorne and Ferguson (1975) investigated the structure 
of thenardite. Friedel (1976) found that a salt with the formula 

Na2Mg(SO4)2∙5H2O was often found in saline soil crusts, and 
that although it altered to blödite when allowed to react with its 
saturated solution, it persisted in dry crusts. Optical, chemical, 
and X-ray diffraction data were collected, but a unit cell was 
never refined. Subsequently, the crystal structure of mirabilite 
was solved by Levy and Lisensky (1978). Van Doesburg et al. 
(1982) described konyaite, which was recognized by the IMA 
as a mineral species, during a study of the salt mineralogy of 
the Great Konya Basin in Turkey. However, its crystal structure 
remained unsolved. 

Numerous studies have, since then, identified konyaite as 
an important phase in saline soils (Shayan and Lancucki 1984; 
Timpson et al. 1986; Zielinski et al. 2001). Konyaite was also 
found to be the most common phase in mineral assemblages 
sampled in North Dakota by Keller et al. (1986a). Little is 
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FiguRE 1. Selected phases of the Na2O-MgO-SO4-H2O system, by 
mole percent (mol%) composition. Epsomite dehydrates to hexahydrite; 
konyaite dehydrates to blödite, and mirabilite is similarly related to 
thenardite. Löweite forms at higher temperatures than konyaite.


