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Abstract
Cranswickite is a newly recognized mineral of composition MgSO4·4H2O from Calingasta, San Juan
Province, Argentina (IMA2010-016). Cranswickite is monoclinic, space group C2/c, a = 11.9236(3),
b = 5.1736(1), c = 12.1958(3) Å, β = 117.548(2)°, V= 667.0(1) Å3, Z = 4, dobs = 1.917 g/cm3, and dcalc
= 1.918 g/cm3. The mineral occurs0 as a soft white vein filling in a metasedimentary rock. The atomic
structure has been determined by direct methods and refined by Rietveld analysis of powder diffraction
data. The atomic structure consists of chains of corner-sharing magnesium-containing octahedra and
sulfate tetrahedra similar to the structure of pentahydrite. All the water molecules directly coordinate
magnesium in the structure. The five strongest lines in the powder X-ray diffraction data are [dobs in
angstroms (I) (hkl)]: 5.259 (100) (200), 3.927 (46) (112), 3.168 (45) (113), 4.603 (29) (111), 2.570
(23) (311). Infrared and Raman spectra are very similar to the spectra measured from starkeyite. The
chemical composition of cranswickite is the same as starkeyite MgSO4·4H2O, but starkeyite has an
atomic structure where two sulfate tetrahedra and two Mg(H2O)6 octahedra share corners to form a
four-membered ring and not a chain as in cranswickite. The new mineral is named in honor of Lachlan
M.D. Cranswick (1968–2010), an Australian crystallographer who helped to developed and maintain
the Collaborative Computational Project No. 14 in Powder and Small Molecule Single Crystal Diffraction (CCP14).
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Introduction
Hydrous magnesium sulfates are commonly found on the
surface of the Earth in various settings. The wide variation
in the water content from 1 H2O per formula unit in kieserite
MgSO4·H2O (Hawthorne et al. 1987) up to 11 H2O per formula
unit in meridianiite MgSO4·11H2O (Peterson et al. 2007) allows
the stable existence of different hydrous magnesium sulfate minerals over a wide range of temperature, fluid composition, and
relative humidity. The phases that are known to exist either in
nature or that may be grown in the laboratory are listed in Table 1.
The H2O-MgSO4 phase diagram has been studied extensively (Hogenboom et al. 1995, updated by Chou and Seal
2007; Wang et al. 2006, 2009; Peterson et al. 2007). Cranswickite MgSO4·4H2O, has the same chemical composition as
starkeyite MgSO4·4H2O and has an atomic structure similar
to pentahydrite MgSO4·5H2O but has not been observed in
any experimental synthesis studies. Thermodynamic calculations based on experimental determination of the enthalpies
of solution of epsomite, hexahydrite, starkeyite, and kieserite
have concluded that starkeyite is metastable in T-%RH space
(Grevel and Majzlan 2009). Starkeyite may be metastable,
but it is quite commonly found in deposits high in magnesium
sulfate on Earth and may exist on the martian surface as a result
of dehydration of epsomite at low temperature (Chou and Seal
2007). Chou and Seal (2003) review the literature concerning
the epsomite-hexahydrite-vapor equilibrium.
The presence of hydrated magnesium sulfates on the martian
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surface is proposed based on observations by the highly successful NASA Mars Exploration Rover Program (Clark et al. 2005)
and spectra obtained by several spacecraft orbiting the martian
surface (Murchie et al. 2009). Recently the presence of soluble
sulfate was observed at the Phoenix landing site (Kounaves et al.
2010). The hydration and dehydration of Mg-sulfates may take
place on the surface of Mars where the partial pressure of water
vapor is sufficiently high, such as areas where ice is stable in
the polar regions or at lower latitudes at times of high obliquity
(Vaniman and Chipera 2006; Chipera and Vaniman 2007). It
has also been proposed that hydrated sulfate minerals may exist
on or below the surfaces of the Jovian moons, Ganymede and
Europa (Kargel 1991; Fortes 2005). This is based on spacecraft
observation of surficial topography and venting events that may
be explained by plate tectonics and hyper saline brine volcanism
(Prieto-Ballesteros and Kargel 2005).
Magnesium sulfates have been used in human activities
throughout history, as a medicine and naturopathic treatment
Table 1.

Compounds with the formula MgSO4·nH2O for which the
structure is known

Mineral name
Meridianiite
Epsomite
Hexahydrite
Pentahydrite
Starkeyite
Cranswickite
2.5 hydrate
Sanderite
Kieserite
Anhydrous

Formula
Volume (A3) Z
Reference
MgSO4·11H2O
702.02
2
Peterson et al. (2007)
MgSO4·7H2O
976.22
4
Baur (1964a)
MgSO4·6H2O
1761.17
8
Zalkin et al. (1964)
MgSO4·5H2O
364.42
2
Peterson et al. (2006)
MgSO4·4H2O
636.78
4
Baur (1964b)
MgSO4·4H2O
667.04
4
This work
MgSO4·2.5H2O
2087.1
16
Ma et al. (2009b)
MgSO4·2H2O
939.16
8
Ma et al. (2009a)
MgSO4·1H2O
355.61
4
Hawthorne et al.(1987)
MgSO4
266.11
4 Rentzeperis and Soldatos (1958)

