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Crystallization of AlPO4-SiO2 solid solutions from granitic melt and implications for
P-rich melt inclusions in pegmatitic quartz
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ABSTRACT
Aluminum orthoposphate (AlPO4) has polymorphs isostructural with tridymite, cristobalite, and
quartz. Berlinite is the low-temperature form that corresponds to a-quartz. We report berlinite-quartz
solid solutions to crystallize from a synthetic P-rich peraluminous granitic melt, similar in composition to the most volatile-rich silicate melt inclusions found in pegmatites. The crystallization took
place in experiments performed in cold-seal pressure vessels at 450–700 ∞C and 0.1–0.2 GPa H2O
pressure. At these conditions, the berlinite-quartz mutual solubility is limited to 5–7 mol% SiO2 on
the phosphate side of the solvus and to the maximum of 1 mol% AlPO4 on the silica-rich side. The
mutual solubility appears to decrease with falling temperature. At low T the crystals of berlinitequartz solid solutions are strongly zoned and show complex intergrowths between the P-rich and
silica-rich phases. They were studied by electron microprobe, transmission electron microscopy, and
Raman spectroscopy. In the light of our new experimental results, the extreme P enrichment reported
earlier for some natural quartz-hosted melt inclusions may be explained as a post-entrapment contamination by the berlinite-bearing host.

INTRODUCTION
Aluminum orthophosphate (AlPO4) crystallizes in seven
polymorphic forms, which are analogues of high- and low-temperature forms of SiO2. Natural berlinite represents the polymorph stable below 815 ∞C and is isostructural with a-quartz
(Strunz 1941). Occurrences of berlinite are sparse. It was first
described in samples from the Vestanå iron mine in Sweden
(Blomstrand 1868), but since then berlinite has been found
mostly in granite pegmatites (e.g., Buranda in Rwanda;
Gallagher and Gerards 1963) and other types of felsic igneous
rocks (Duggan et al. 1990). Because of the strong similarity
between quartz and berlinite in crystal shapes and optical properties, the identification of berlinite in natural samples is difficult and the mineral can be overlooked easily.
The existence of the AlPO4-SiO2 solid solutions, implied
from the almost identical AlPO4 and SiO2 crystal structures,
was a matter of some controversy. Early phase-equilibria studies in the SiO2–Al2O3–P2O5 system gave conflicting reports on
the solubility in liquid and solid phases along the AlPO4-SiO2
join (Kobayashi 1964; Robinson and McCartney 1964; Flörke
1967). Horn and Hummel (1979) reviewed the early results
and re-examined the AlPO4-SiO2 join using improved experimental and analytical techniques. They found partial solid solutions between cristobalite forms of AlPO 4 and SiO 2 at
high-temperatures and constructed a phase diagram for the join
(Fig. 1). Later experimental and spectroscopic studies by
Handke et al. (1999) gave consistent results and confirmed the
solubility of up to 20 mol% of AlPO4 in tridymite at 1400 ∞C.
Thomas and Webster (1999) found berlinite as a daughter
mineral in quartz-hosted crystallized melt inclusions from
highly fractionated, strongly peraluminous, P- and F-rich
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pegmatites of Ehrenfriedersdorf in Saxony, Germany. In the
Ehrenfriedersdorf samples, berlinite appears to be restricted
solely to one type of unusual, late-stage, extremely P-rich melt
inclusions. These unusual berlinite-bearing, extremely P-rich
melt inclusions evoked different genetic interpretations
(Thomas and Webster 1999; London 1998), and the problems
that they pose are not likely to be resolved without better experimental constraints on phase equilibria of berlinite in multicomponent granitic systems.
In the current study, we present experimental evidence that
berlinite and berlinite-quartz solid solutions can be stabilized
on the liquidus of peraluminous granitic melts at P-T conditions of pegmatite crystallization. We also present new data on
the berlinite-bearing melt inclusions, which were re-examined
using transmission electron microscopy (TEM). We believe that
our observations offer a new explanation for the berlinite occurrence in Ehrenfriedersdorf and for the extreme P enrichment of the pegmatitic melt inclusions.

EXPERIMENTAL AND ANALYTICAL TECHNIQUES
Berlinite-quartz solid solutions were synthesized in cold-seal, rapid-quench
pressure vessels at 0.1–0.2 GPa and 850–450 ∞C. They crystallized from a synthetic mixture, which was designed to model the most evolved pegmatitic melts,
similar to those found in the Ehrenfriedersdorf quartz-hosted melt inclusions
(Thomas and Webster 1999; Thomas et al. 2000). The bulk starting composition
was the following (in wt%): SiO2 = 58.7, Al2O3 = 16.5, B2O3 = 5.0, Na2O = 3.2, K2O
= 4.1, Rb2O = 1.0, Cs2O = 1.0, Li2O = 0.5, P2O5 = 5.0, and F = 5.0. A full account of
the liquidus phase equilibria was published elsewhere (Veksler and Thomas 2002).
In the current study, we focus on the description of the AlPO4-SiO2 solid solutions
and their significance for the extremely P-rich melt inclusions.
In high-pressure experiments, fine-grained powder of the starting mixture
and pure double-distilled H2O were loaded into platinum containers and welded
shut. The mass of H2O in the charges was about one-third of the solid charge, so
that it exceeded the solubility limit and an aqueous fluid phase was present in
all the runs. In most cases, the charges first were heated up to the maximum
temperature of 900 ∞C to dissolve all solids, quenched to a homogeneous glass,
and then the glasses were annealed for several days at lower experimental tem-
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