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Stability of high-Al titanite from low-pressure calcsilicates in light of fluid and
host-rock composition
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ABSTRACT

Titanite of variable Al and F content was found in granulite- to amphibolite-facies
calcsilicates in Central Dronning Maud Land, Antarctica. The highest observed Al con-
tent corresponds to an XAl [5 Al/(Al 1 Ti)] of 0.53. Previously, such high values of XAl

were reported from high-pressure rocks, but the titanite of this study is from a low-
pressure terrain. The compositional variations in titanite can be described for all samples
by a set of three linearly independent exchange vectors added to the CaTiSiO5 end-
member titanite. In most rocks, these vectors are Al1F1Ti21O21, Ti20.25M0.25O21OH1, and
OH1F21; in one sample, the Ti20.25M0.25O21OH1 vector is replaced by a Si20.25M0.25O21OH1

vector. The actual amount of exchange along these vectors and, therefore, the amount of
Al in titanite, depends on P and T, on the composition of the coexisting fluid phase in
terms of its H2O/HF fugacity ratio, and on host rock composition in terms of Al2O3/TiO2

activity ratio. It is inferred that, in suitable chemical environments, high-Al titanite is
stable over a wide P-T range. Therefore, the Al content of titanite should not be used in
geothermobarometry, even qualitatively. Additionally, because of the coupled substitu-
tions Al1F1Ti21O21 and Al1OH1Ti21O21, the concentration of F in titanite is strongly de-
pendent on the host rock chemistry. This rules out the easy use of titanite as a monitor
of fluid composition.

INTRODUCTION

Titanite is a common mineral in a wide variety of rocks
including calcsilicates, metabasites, and granitoid intru-
sives. Depending on the local chemical environment, ti-
tanite can incorporate variable amounts of elements like
the REE, Mg, Na, Fe (both Fe21 and Fe31), U, Th, Nb,
Ta, or Sn (Ribbe 1982, and references therein). The most
important substitution is that of Al for Ti, which is gov-
erned mainly by the exchange vectors Ti21O21Al1OH1 and
Ti21O21Al1F1 (e.g., Ribbe 1982; Franz and Spear 1985;
Enami et al. 1993; Carswell et al. 1996). Experiments by
Smith (1981) showed that this exchange is dependent on
pressure and that the maximum possible Al content of
about 0.53 atoms per formula unit (apfu) is reached at
pressures above 25 kbar in basaltic compositions (at 1200
8C). Oberti et al. (1991) suggested that the absence of
An-rich plagioclase is crucial for the stabilization of high-
Al titanite. Additionally, they showed that there is a pos-
itive correlation between Al and F content and decreasing
Ca-O and octahedral cation-O bond lengths. Crystallo-
graphic reasons, however, cannot explain the apparent
miscibility gap between the most aluminous titanite (with
Al ;0.53 apfu) and the Ti-free, Al end-member vuag-
natite [CaAlSiO4(OH, F)].

Many of the known high-Al titanite occurrences are in
high-pressure or even ultra-high-pressure rocks (Franz
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and Spear 1985; Carswell et al. 1996; Oberti 1991, and
references therein). Nevertheless, the Al content of titan-
ite must be governed by variables other than pressure,
because Al-rich titanite also forms in low-pressure envi-
ronments (e.g., in the Salton Sea geothermal system; En-
ami et al. 1993). Al-rich titanite, with Al contents up to
0.24 apfu, was also reported by Bernau and Franz (1987)
from low-pressure calcsilicates where the incorporation
of Al is governed mainly by the substitution of 2 Ti41 5
Nb51 1 Al31. Gibert et al. (1990) described titanite with
up to 0.42 Al apfu in amphibolite-facies calcsilicates from
the Montagne Noire, France, which formed at 4–5 kbar
and 550–600 8C. In this case, the Al content appears to
be controlled by the Al2O3/TiO2 activity ratio in the host
rocks and by the F content of the coexisting fluid. Cars-
well et al. (1996) also considered a high F activity to be
responsible for the stabilization of titanite in ultra-high
pressure rocks, where rutile-carbonate assemblages are
expected to be stable at low F activity.

This short review demonstrates that highly aluminous
titanite is found in rocks formed over the entire spectrum
of geologically relevant pressure and temperature condi-
tions. This paper presents an extensive set of data on ti-
tanite in calcsilicates from the medium-pressure granu-
lite- to amphibolite-facies area of Central Dronning Maud
Land (CDML), Antarctica. We focus on the effects that
chemical variations in the coexisting fluid phase and in
the host rock have on the composition of titanite.


