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Stability of pargasite during ultrahigh-temperature metamorphism:
A consequence of titanium and REE partitioning?
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Abstract
Orthopyroxene-clinopyroxene-plagioclase needles and symplectite along the cleavage planes and
grain boundaries of fluorine-bearing titanian-ferroan pargasite from the Highland Complex, Sri Lanka,
are interpreted as evidence for dehydration melting at ultrahigh-temperature conditions. High Ti (up to
0.4 pfu) and F (XF up to 0.56) content in pargasite extends its stability to higher temperatures, and the
composition indicates the dehydration melting reaction may take place at ultrahigh-temperatures (~950
°C) at a pressure around 10 kbar, close to peak metamorphic conditions. The increase of Ti content
close to the grain boundaries and cleavage planes in pargasite indicates titanium partitioning from the
melt during dehydration melting enhanced the stability of the mineral toward ultrahigh-temperature
conditions. The REE content in the pargasite shows a similar behavior to that of titanium. The cores
with no breakdown assemblage consist of low and flat REE concentrations with respect to the high
and Eu-depleted rim. Clinopyroxene in symplectite and needle-shaped lamellae within the pargasite
porphyroblasts have similar REE patterns with slightly low-concentrations relative to that of pargasite. In the breakdown assemblage, LREEs are partitioned mainly into plagioclase while the HREEs
are partitioned into orthopyroxene. The REE enrichment in the pargasite rims signals their relative
partitioning between pargasite rims and melt. Modeling of the partitioning of Ti and REEs associated
with pargasite breakdown demonstrates that its stability is greatly enhanced at UHT conditions. This
investigation implies that the stability of hydrous minerals such as amphibole can be extended to UHT
conditions, and expands our knowledge of metamorphism in the lower crust.
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Introduction
Hornblende and pargasite are widespread in upper amphibolite- to granulite-facies rocks. These amphiboles have a large
stability field in pressure-temperature (P-T) space. Textural
relationships of amphiboles in granulites are rarely studied because most occurrences represent development of amphibole
through retrograde reactions. The stability of hydrous minerals
at high temperatures have been examined by many previous
studies—most relate this feature to the substitution of halogens
for OH in amphiboles (e.g., Munoz and Eugster 1969; Holloway
and Ford 1975; Petersen et al. 1982; Gilbert et al. 1982; Peterson et al. 1991; Hensen and Osanai 1994). The most common
high-temperature metamorphic hydrous mineral is biotite. Halogen-bearing amphiboles are also reported in several high-grade
metamorphic rocks (e.g., Kearns et al. 1980; Valley et al. 1982;
Droll 1983; Castelli 1991; Nyman et al. 1995; Kullerud 1996;
Markl and Bucher 1998; Markl et al. 1998; Grew et al. 2000;
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Tsunogae et al. 2003). Among these studies the only known report
of ultrahigh-temperature (UHT; >900 °C; Harley 1998, 2004;
Brown 2007; Kelsey 2008) occurrences of F-bearing pargasite
is from Tonagh Island in the Archaean Napier Complex, East
Antarctica (Tsunogae et al. 2003). Although UHT metamorphism
is identified in several adjacent continental fragments in paleogeographic configuration, none of the previous studies reported
enhancement of pargasite stability by preferential partitioning
of titanium or REEs (e.g., southern India, Madagascar, EastAntarctica; Brown and Raith 1996; Motoyoshi and Ishikawa
1997; Fraser et al. 2000; Sajeev et al. 2004; Tateishi et al. 2004;
Goncalves et al. 2004; Sajeev and Santosh 2006; Santosh and
Sajeev 2006; Sajeev et al. 2006 and references therein).
This contribution reports the occurrence of prograde pargasite from the Highland Complex, Sri Lanka, and discusses the
petrologic significance and factors leading to its stability during
UHT metamorphism. We report a noteworthy feature in which
titanium partitions into pargasite during dehydration melting
to enhance its stability. We also examine the rare earth element
(REE) behavior of pargasite and its breakdown assemblage.

