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Re-examination of berlinite (AlPO4) from the Cioclovina Cave, Romania
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aBStract

Berlinite is a mineral indicative of high-temperature formation and, therefore, it would not be 
expected to be present in a sedimentary environment. In this study, we review the characteristics of a 
berlinite-bearing deposit and present a single-crystal structure investigation based on X-ray data: the 
refinement converged at R1(F) = 0.0276, wR2(F2) = 0.0657 for 677 reflections (2θMoKα ≤ 70°) and 31 
variables in space-group P3121 [a = 4.9458(10), c = 10.9526(20) Å, V = 232.0 Å3, Z = 3{AlPO4}]. The 
average <T-O> bond distances within the two crystallographically unique TO4 tetrahedra are 1.734 
and 1.526 Å, respectively. From the scattering power at these T sites and the stereochemistry, the pres-
ence of an AlO4 tetrahedron linked to a PO4 tetrahedron is established. Consequently, the sample from 
Cioclovina Cave is verified as AlPO4 (modification berlinite), reconfirming the first description of this 
mineral from a sedimentary occurrence, which underwent an obvious natural heating process.
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IntroductIon

Berlinite, AlPO4, is a rare mineral with a crystal structure 
analogous to that of α quartz. An ordered substitution by Al and 
P atoms for Si atoms doubles the c unit-cell parameter; AlO4 and 
PO4 tetrahedra alternate and share corners. AlPO4 compounds are 
known to crystallize in several other modifications characterized 
by distinct temperature and pressure environments. Similarities 
of the AlPO4 phases to the isoelectronic SiO2 compounds are 
evident (Graetsch 2002, 2003, and references therein). These 
compounds are of interest for multiple reasons, e.g., berlinite 
shows piezoelectric properties due to the space-group sym-
metry P3121 or P3221. As shown by syntheses experiments and 
geological settings, temperature conditions and solvents control 
the stability fields of the AlPO4 phases in general, and especially 
those of berlinite (Flörke 1967; Bass and Sclar 1979; Motchany 
and Chavanski 2001; Veksler et al. 2003).

Onac et al. (2002) described an unusual mineral assemblage 
of phosphate-bearing minerals from the Cioclovina Cave, Sure-
anu Mountains, Romania. The cave is well known for hosting 
enormous amounts of phosphate-rich sediments (3 to 20 m in 
thickness) that once almost entirely filled some 450 m of cave 
passages (Breban et al. 2003). The phosphate-rich sediments are 
believed to have formed from large deposits of bat guano and 
cave bear remains. Successive cave flooding events resulted in 
the accumulation of large quantities of clay and sand that were 

either inter-bedded with bat guano horizons or completely buried 
the organic sediment. In some parts of the cave, the weight of 
the overburden sediments was significant and the underlying 
material was heavily compacted so that the original textures and 
structures were changed. We assumed that, owing to microbial 
processes, the temperature inside the buried guano increased until 
spontaneous ignition led to its combustion in some restricted 
parts of the cave. Combustion of bat guano in caves has been 
reported from several locations (Oakley 1954; Martini 1994a, 
1994b, 1997; Urbani 1996). Visually, the baking of the sediments 
in Cioclovina Cave resulted in a change of color to dark brown. 
The berlinite-bearing sediment occurs only in a dead-end, side 
passage of the cave and shows the entire above-mentioned ther-
mal transformation features (Onac and White 2003).

Marincea and Dumitraş’s (2005) comments on that paper 
provide us with a welcomed opportunity to further discuss the 
unusual formation of a high-temperature mineral within a cave 
environment. At that time, the available material for further 
investigations was limited and especially not suitable for a 
phase analysis by single-crystal X-ray diffraction. Therefore, 
we discontinued our work until recently when a second find 
of the same mineral provided appropriate material for detailed 
single-crystal investigations.

Marincea and Dumitraş (2005) doubted the correct identifi-
cation of berlinite by Onac and White (2003) for the following 
reasons: (1) the original X-ray powder patterns were misinter-
preted; (2) unsuitable microprobe analyses led to an incorrectly 
determined chemical composition; (3) the unlikelihood of this 
species in a sedimentary environment; and (4) repetition of * E-mail: bonac@cas.usf.edu


