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Abstract
Variscite [Al(PO4)·2H2O] is an uncommon secondary phosphate mineral but is important in a variety 

of environmental and technological applications. It exists in at least one monoclinic (metavariscite) 
and two orthorhombic polymorphs (“Lucin-type” and “Messbach-type”), but the fine-grained nature 
of the “Messbach-type” variscite has hampered the determination of its crystal structure. The crystal 
structure of the latter from Tooele County, Utah, was solved and refined using laboratory powder X‑ray 
diffraction (XRD) data, charge-flipping, and the Rietveld method. Both variscite modifications belong 
to the family of framework 3D MT structures in which octahedra (M) and tetrahedra (T) are linked 
by bridging O atoms. Topological analysis reveals that the two structures are polytypes. Based on our 
results and our structural interpretations, we refer to “Lucin-type” variscite as variscite1O and the 
“Messbach-type” as variscite2O, to be consistent with modern polytype terminology. The similarity 
of these two structures suggests that 1O-2O interstratifications may exist in nature, which is consis-
tent with observed broadening of diffraction peaks of the Tooele material. 31P and 27Al MAS/NMR  
measurements are consistent with the XRD-determined crystal structure, and they show distinct signals 
for each of the two independent P and Al positions in variscite2O.

High-temperature XRD, thermal analyses, and NMR measurements were applied to study the nature 
of the transformation of variscite2O to a derivative AlPO4 structure above 473 K. Charge-flipping 
analysis showed that the crystal structure of the new anhydrous AlPO4 phase (AlPO4-var2O in analogy 
to its parent structure) can be described as a 3D framework of alternating AlO4 and PO4 tetrahedra 
linked by bridging O atoms. Thermogravimetric analyses revealed almost complete dehydration above 
~450 K, and NMR results were consistent with tetrahedral Al and P atoms. 
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Introduction
Interest in hydrated aluminophosphates and in compounds that 

derive from their dehydration spans a wide spectrum of disciplines. 
Variable crystal chemistry under ambient and non-ambient condi-
tions, associated with interesting physical properties, makes this 
class of materials a subject of numerous studies. For example, 
variscite Al(PO4)·2H2O (orthorhombic, space group Pbca; Kniep 
et al. 1977) and its monoclinic polymorph, metavariscite (space 
group P21/n; Kniep and Mootz 1973), as well as other hydrated 
aluminum phosphates are of great importance in environmental 
applications. Their dissociation helps regulate the release of 
phosphate in acidic soils (Lagno and Demopoulos 2005), their 
formation assists in purification of P-containing waste waters, and 
they have been employed to regulate the phosphate concentration 
in natural waters that, if too low, may hinder forest and agricultural 
growth, but if too high, may lead to eutrophication (Oelkers and 
Valsami-Jones 2008). Technological applications at the industrial 
level mainly focus on the dehydrated forms of these minerals. In 
particular, it is well known that compounds with general formula 

AlPO4 (molar Al/P ratio = 1) represent a polymorphic system 
closely related to that of silica. For instance, the mineral berlinite  
(AlPO4) has the quartz crystal structure, and synthetic AlPO4 com-
pounds with the tridymite and cristobalite crystal structure are also 
known (Flörke 1967; Ng and Calvo 1976; Muraoka and Kihara 
1997; Hensel et al. 2007). AlPO4 compounds find application as 
molecular sieves (zeolite-type structures) and in heterogeneous 
catalysis (e.g., Wilson et al. 1982; Bordat et al. 2007), application 
in refractories (Pawlowski 1965), ceramics, and as insulating and 
protective surface coatings (Rothon 1981). From the petrologic 
and mineralogical point of view, subsolidus phase relations in 
the ternary systems Al2O3-AlPO4-H2O (Wise and Loh 1976; Bass 
1979) and Al2O3-P2O5-H2O (Kniep 1986; Drüppel et al. 2007) have 
been studied at different temperatures and pressures to establish the 
stability fields and the origins of the known mineral species and to 
predict possible new species. Variscite and metavariscite are rela-
tively rare secondary phosphate minerals (usually occurring with 
apatite, wavellite, and crandallite) that form at low temperatures 
as a result of the reaction of phosphate-bearing surface solutions 
with aluminum-rich rocks in near-surface environments (Larsen 
1942). Their occurrence is summarized in Drüppel et al. (2007).

In addition to the metavariscite polymorph, variscite has two 
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