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Abstract
We present the results of experimental studies on mineral and phase transformations in the model
system K2O(Li2O)-Al2O3-SiO2-H2O-HF at 300 to 600 °C and 100 MPa using the method of univariant
assemblages. The phase diagrams involve equilibrium curves among topaz, andalusite, muscovite,
pyrophyllite, AlF3, and KnAlF3+n built from our experiments, which have allowed us to determine
the topaz stability field. Topaz is stable in solutions with HF concentrations from 3⋅10−3 to 8⋅10−1 m
and with KF concentrations lower than 7.5⋅10−3 m. As temperature increases, topaz becomes stable at
higher HF concentrations.
Application of the results to the Akchatau greisen W-Mo deposit provides an explanation of the
observed zonation as a manifestation of metasomatic processes and imposes constraints on the mechanism and conditions of formation of the Akchatau deposit as well as on the compositions of the F-rich
fluids participating in the greisenization.
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Introduction
Greisens are widespread formations that are formed by metasomatic processes accompanying the origin of some metallogenetic granitoids. The metasomatic process of greisen formation
is called greisenization, which is defined as a granite-related,
post-magmatic metasomatic process in the course of which
biotite and feldspars became unstable (Štemprok 1987). These
minerals are replaced by complex aggregates of micas, quartz,
topaz, and fluorite with a considerable addition of some elements
such as Sn, W, Mo, Be, etc. Greisens are common host-rocks for
Sn, W, Be, Mo, Nb, and Ta ores (Beus and Dikov 1967; Mutschler
at el. 1981; Taylor 1979; Reed 1986).
Greisens form by the action of F-bearing solutions on rocks,
such that fluoride minerals commonly occur in greisen formations in contrast to other metasomatic rocks (Rundkvist et al.
1971). Phase equilibria in the systems granite-H2O-HF and
granite-H2O-KF at high temperatures were investigated by Gluck
and Anfilogov (1973), Kovalenko (1977), and Xiaolin et al.
(1998). They established the effect of F on granitic melt structure and experimentally found a magmatic mineral assemblage
with topaz in a granite system. Clarke et al. (2009) conducted
an experimental investigation of near-liquidus andalusite-topaz
relations in water-saturated synthetic peraluminous haplogranites with different Al2O3/(Na2O+K2O) ratios at 200 MPa and
temperatures 650 and 700 °C. They found that the stability fields
of andalusite and topaz were a function of temperature and F
concentration, but independent of the bulk Al2O3/(Na2O+K2O)
ratio at the experimental conditions. Haselton et al. (1988)
studied the chemistry of aqueous solutions coexisting with
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fluoride buffers. Burt (1981) studied the theoretical topologies
of K-bearing fluoride silicates at subsolidus temperatures and
pressures featuring formation of greisen deposits. In particular,
he plotted schematic diagrams of phase equilibria as a function
of HF and KF chemical potentials.
Topaz, with a wide range of F/OH ratios, has been synthesized
from fluids at temperatures ranging from 300 to 1000 °C, and at
pressures exceeding 400 MPa (Michel-Levy 1947; Baumer et
al. 1973; Rosenberg 1972; Wunder et al. 1993). Barton (1982)
and Barton et al. (1982) studied the thermodynamic properties of
topaz solid solutions. Balitsky et al. (2002, 2006) and Shapovalov
et al. (2010) investigated the transport of silica and alumina in
processes of simultaneous dissolution and growth of different
minerals (quartz, corundum, and topaz), and defined the most
rational scheme of topaz recrystallization, allowing them to suggest a reliable method of the topaz growth from a seed crystal.
Table 1. Reactions, experimentally studied in the system K2O(Li2O)Al2O3-SiO2-H2O-HF
No.
Reaction
T (°C)
1
Kln+2Qtz=2Prl+H2O
300
2
3Prl+KF=Ms+3Qtz+HF
300
3
2Prl+2HF=Tz+3Qtz+2H2O
300
4
2Prl=And+3Qtz+2H2O
400
5
3And+3Qtz+2KF+3H2O=2Ms+2HF
400, 500
6
And+5Qtz+2KF+H2O=2Kfs+2HF
600
7
And+2HF=Tz+H2O
400, 500, 600
8
Ms+6Qtz+2KF=3Kfs+2HF
300, 400, 500, 600
9
2Ms+8HF=3Tz+3Qtz+2KF+6H2O
300, 400, 500
10
Ms+(3n–1)KF+10HF=3KnAlF3+n+3Qtz+6H2O
300, 400, 500
11
2Kfs+4HF=Tz+5Qtz+2KF+2H2O
300, 400, 500, 600
12
Kfs+(n–1)KF+4HF=KnAlF3+n+3Qtz+2H2O
300, 400, 500, 600
13
4Lpd+12HF=5Tz+6LiF+4KF+7Qtz+6H2O
400
14
2AlF3+Qtz+2H2O=Tz+4HF
300, 400, 500, 600
Note: Mineral abbreviations by Kretz (1983): And = andalusite, Kln = kaolinite,
Kfs = K feldspar, Ms = muscovite, Lpd = lepidolite, Prl = pyrophyllite, Qtz =
quartz, Tz = topaz.

1452

