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INTRODUCTION

Fluorine has long been known to exert important effects on
the liquidus relations of silicate systems, including a reduction
of liquidus and solidus temperatures, a decrease in viscosity,
and a shift of the liquidus composition of melt toward increas-
ingly feldspathic and then alkaline melt compositions (e.g.,
Manning 1981; Dingwell et al. 1985; London 1997). Qualita-
tive measures of the fluorine-rich or fluorine-poor nature of
hydrothermal systems have been established (e.g., Muñoz
1984), but the absolute abundance of F, not an activity ratio or
other dimensionless parameter, is necessary for understanding
its effects on magmatic phase relations. Though generally non-
volatile (e.g., Manning 1981), F is not conserved in the typical
mineralogy of metaluminous to peraluminous granitic rocks.
Fluorine-rich rhyolites also lose F to a vapor phase (e.g., Burt
et al. 1982; Webster 1990). Hence, whole-rock values of F rep-
resent, in most cases, low and meaningless estimations of the
original F content of melt. Studies of melt inclusions trapped
by phenocrysts can provide constraints on the F contents of
magmas (e.g., Webster and Duffield 1991), but pristine (wholly
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ABSTRACT

The distribution of F between amblygonite (Amb, LiAlPO4F)–montebrasite (Mbr, LiAlPO4OH)
solid solutions and metaluminous haplogranitic melt has been calibrated at 585 °C and 200 MPa
H2O. The partition coefficient for F between the crystalline phase and melt, DF

Mbr/melt, is linear be-
tween 0 to ~10 wt% F in amblygonite, which contains 13 wt% F at the end-member:

CF
Mbr = 3.65CF

melt + 0.07, r2 = 0.995, n = 6.

Values of DF
Amb/melt decrease sharply above 10 wt% F in amblygonite as the amblygonite reaches

saturation in F at 200 MPa H2O. In natural occurrences, however, the vast majority of primary am-
blygonite-montebrasite solid solutions contain ~4–7 wt% F, well within the linear range of the cali-
brated exchange reaction, and the montebrasite-bearing assemblages are among the last to crystallize.
If the F contents of the montebrasite are magmatic, then these most-fractionated residual melts of
the LCT (Li-Cs-Ta, and mostly peraluminous S-types) rare-element class generally contained up to
~1.0–1.8 wt% F near the end of their crystallization. The modest F contents of pegmatites are consis-
tent with the common association of Li aluminosilicates and with the general paucity of topaz in
these occurrences. In topaz-bearing granites of Western Europe, however, high-F amblygonite (~10–
11 wt% F) reflects >3 wt% F in melt during crystallization of these magmatic phases.

vitric) melt inclusions tend to be uncommon, even in volcanic
systems. Moreover, melt inclusion interpretation is still fraught
with the same uncertainty that plagues more conventional in-
clusion petrology: specifically, whether inclusion contents rep-
resent bulk melts without complication from boundary layer
effects or accidentally trapped solids. In recognition of the need
for additional monitors of F in magma, Icenhower and London
(1997) calibrated the partition coefficient for F between biotite
solid solutions and coexisting hydrous silicic melt (granitic melt,
sensu lato). This calibration provides a measure of F in gra-
nitic melt, which, with limitations, may be applied with suc-
cess to natural igneous rocks (e.g., Price et al. 1999). Toward a
similar end, Price et al. (1999) experimentally assessed the F
content of melt at the equilibrium of titanite + fluorite + quartz
+ rutile. For an A-type granite sheet in the Wichitas Igneous
Province of Oklahoma that contains the above assemblage, there
was surprisingly good agreement between the estimated F con-
tent of the granite as derived from the experimental Ttn-Flu-
Qtz-Rt buffer (~1 wt% F in the melt) and the values calculated
from biotite in the rock (~0.8 wt% F) using the data of
Icenhower and London (1997).

In this paper, we report on the calibration of another min-
eral-melt monitor, that of F-OH exchange between amblygo-
nite (Amb, LiAlPO4F) and montebrasite (Mbr, LiAlPO4OH)


