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INTRODUCTION

Berlinite, AlPO4, is a rare high-temperature aluminum phos-
phate mineral first described by Blomstrand (1868) from the
Westanå iron mine in Sweden. Huttenlocher (1935) determined
its quartz-like crystal structure. Later, based on a specimen
collected from the type locality, the first complete crystallo-
graphic description was undertaken by Strunz (1941). Since its
discovery, berlinite has been documented from only a few lo-
calities worldwide. In all these occurrences the mineral is found
in association with metamorphic or hydrothermally altered
rocks (Gallagher and Gerards 1963; Reif et al. 1989; Duggan
et al. 1990; Ek and Nysten 1990; Matsubara et al. 1999). The
formation of berlinite in such geologic environments is consis-
tent with the experimental data obtained by Wise and Loh (1976)
and Bass and Sclar (1979) in the system Al2O3-AlPO4-H2O.

Berlinite exists in several polymorphic forms, which are
analogs of the silica polymorphs high and low quartz, tridymite,
and cristobalite (Muraoka and Kihara 1997). It has a three-
dimensional framework structure composed of alternating cor-
ner-sharing AlO4 and PO4 tetrahedra. It has also been argued,
based on infrared and Raman spectra, that these structures are
composed of (PO4)3– tetrahedra “isolated” from each other by
Al3+ (Rokita et al. 2000). In recent years, structural analogs of
quartz, such as berlinite, have attracted special attention as
promising piezoelectric materials. Therefore, a large number
of papers dealing with synthesis of berlinite (Kolb and Laudise
1982; Shvansky et al. 1997; Motchany and Chvanski 2001) and
its crystal structure and physical properties (Muraoka and Kihara
1997; Christie and Chelikowsky 1998) have been published.

This paper describes the occurrence and formation of
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 ABSTRACT

This paper describes the first reported occurrence of berlinite (AlPO4) formed entirely under
sedimentary conditions. Berlinite appears as grayish or colorless fine crystals in vacuoles and along
cracks in heavily compacted, phosphate-rich sediments within the Cioclovina Cave in Romania.
The X-ray powder diffraction pattern and the hexagonal unit-cell of the Cioclovina berlinite speci-
men compare well with other published determinations. The lattice parameters are a = 4.94(4), c =
10.87(1) Å, V = 230.1(3) Å3. Microprobe analyses confirmed a nearly ideal formula for berlinite. In
situ guano combustion is responsible for the transformation of taranakite and for the dehydration of
variscite into berlinite. Berlinite was successfully synthesized from these two minerals at atmo-
spheric pressure and temperatures ranging from 350 to 600 ∞C.

berlinite under sedimentary conditions in a highly unusual cave
setting (Cioclovina Cave, Romania).

SITE DESCRIPTION

Cioclovina Cave is situated in the west-southwest side of
the Sureanu Mountains in Romania (Fig. 1) and is developed
in Lower Cretaceous-aged limestones. It consists of a long fossil
passage, much of which was almost entirely filled by an im-
pressive phosphate deposit. Between 1912 and 1941, more than
30,000 m3 of guano-derived phosphate sediments were mined
and used as fertilizer. This deposit contains a fascinating as-
semblage of minerals that includes, apart from many rare and/
or unusual phosphates (e.g., berlinite, chlorellestadite,
churchite, leucophosphite, foggite, sampleite, etc.), several
carbonates, silicates, sulfates, halides, and hydroxide species
(Onac et al. 2002). Cioclovina Cave is also the type locality for
ardealite (Halla 1931; Schadler 1932).

Most of the minerals identified within the phosphate de-
posit form crusts, nodules, aggregates of tiny crystals, and earthy
masses. Berlinite appears as grayish or colorless sub-millime-
ter crystals in vacuoles or along cracks in heavily compacted,
magenta- to brown-colored phosphate-rich sediments from the
Bivouac Room (Fig. 1). Visually berlinite crystals are indistin-
guishable from quartz.

CRYSTALLOGRAPHY

X-ray diffraction data were obtained using a Scintag Pad V
diffractometer (45 kV and 40 mA), using Ni-filtered Cu radia-
tion. Silicon was added as an internal standard. The step-scan
data were continuously collected over the range 3 to 85∞ 2q
using a step interval of 0.025∞ 2q. The X-ray diffraction data
(Table 1) for the powdered samples are in good agreement with
those given on PDF 10-423 for synthetic berlinite. The lattice


