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ABSTRACT
Titanites previously reported from high-pressure rocks commonly contain high Al and F contents. This finding has led previous workers to conclude that high Al and F in titanite can expand its
stability field to high-pressure and ultrahigh-pressure (UHP) conditions. In this study, a coesite inclusion was identified in titanite of aragonite- and jadeite-bearing gneiss from the Dabieshan UHP
metamorphic terrane of eastern China. We also found UHP titanite in carbonate-bearing garnet
clinopyroxenite from the Sulu UHP terrane. Interestingly, both types of the UHP titanite mentioned
above contain low Al and F contents. Therefore, our data indicate that the high-Al and F contents are
not necessary criteria for stabilizing titanite to UHP conditions. It is inferred that the UHP titanite
formed via the reaction TiO2 + CaCO3 + SiO2 = CaTiSiO5 + CO2, and that the presence of the UHP
assemblage aragonite + rutile + clinopyroxene + coesite in the host rock and a very low XCO2 value in
the coexisting fluid are crucial conditions for the formation of these UHP titanites.

INTRODUCTION
Titanite is a widespread accessory mineral in igneous and
metamorphic rocks. The composition of natural titanite can vary
substantially because it can incorporate variable amounts of
the elements Al, F, REE, Mg, Na, Fe, and P (e.g., Ribbe 1982;
see also Perseil and Smith 1995). Based on values of XAl [=Al /
(Al + Fe3+ + Ti)], titanite can be divided into high-Al (XAl >
0.25) and low-Al (XAl < 0.25) varieties (Oberti et al. 1991).
From the standpoint of crystal chemistry, the compositional
variations in titanite can be described by the substitutions (Al,
Fe3+) + (OH–, F–) = Ti + O in the CaTiOSiO4 end-member (e.g.,
Ribbe 1982; Frantz and Spear 1985, Oberti et al. 1991; Enami
et al. 1993; Carswell et al. 1996). Smith (1988) suggested five
end-members based on compositions of common natural
titanites: CaTiOSiO4 (oxy-titano-titanite), CaAl(OH)SiO4 (hydroxy-alumino-titanite), CaAlFSiO4 (flouro-alumino-titanite),
CaFe3+(OH)SiO4 (hydroxy-ferri-titanite), and CaFe3+FSiO 4
(flouro-ferri-titanite).
Petrographic observations and Schreinemaker’s analysis
(Hunt and Kerrick 1977) revealed that rutile, rather than titanite,
is the principal Ti mineral stable at high-pressure and hightemperature conditions in metamorphosed mafic and calcic
rocks (eclogite- to granulite-facies). Titanite commonly forms
as a secondary phase after rutile under amphibolite-facies conditions in retrograded eclogite and granulite (e.g., Manning and
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ported to occur as a high-pressure phase in calc-silicate rocks
and carbonate-bearing eclogites from several high-pressure or
UHP terranes (Smith 1977; Franz and Spear 1985; Sobolev and
Shatsky 1990; Hirajima et al. 1992; Ye and Ye 1996). Carswell
et al. (1996) reported that titanite equilibrated with coesite-bearing garnet and omphacite in eclogite enclosed in marble in the
Dabieshan UHP metamorphic terrane.
The data available in the above references indicate that,
compared with secondary titanite after rutile, the primary highpressure and UHP titanite commonly contains a high amount
of the flouro-alumino-titanite component (CaAlFSiO4) (see
review of Carswell et al. 1996). Experiments by Smith (1981)
demonstrated that the Al and F contents of titanite are correlated positively with pressure and negatively with temperature
in the system SiO2-TiO2-Al2O3-CaO-F at P-T conditions of 15–
35 kbar and 1000–1200 ∞C. Troitzsch and Ellis (1999) and
Troitzsch et al. (1999) also demonstrated that the Al and F contents in synthesized titanite increase with pressure and decrease
with temperature for a given bulk composition. Enami et al.
(1993) proposed that the hydroxyl-components are favored by
low temperature, whereas the flouro-components are favored
by high temperature, and the flouro-components increase with
pressure at constant temperature.
The volume of the octahedral site decreases linearly with
increasing XAl, and the volume of the Ca site is linearly dependent on the size of the octahedral site (Oberti et al. 1991). Oberti
et al. (1991) suggested that the substitution of OH– (ionic radius = 1.40 Å) by the smaller F– (ionic radius = 1.33 Å) further
decreases the unit-cell volume of titanite. Hence, the substitu-

