
American Mineralogist, Volume 99, pages 1429–1448, 2014

0003-004X/14/0007–1429$05.00/DOI: http://dx.doi.org/10.2138/am.2014.4710      1429 

* Present address: Department of Geology, University of Bo-
tswana, Private Bag UB 00704, Gaborone, Botswana. E-mail: 
alexander.proyer@mopipi.ub.bw 

Ti- and Zr-minerals in calcite-dolomite marbles from the ultrahigh-pressure Kimi 
Complex, Rhodope mountains, Greece: Implications for the P-T evolution based on 

reaction textures, petrogenetic grids, and geothermobarometry

AlexAnder Proyer1,*, IoAnnIs BAzIotIs2, evrIPIdIs MPoskos3 And dIeter rhede4

1Department of Earth Sciences, University of Graz, Universitätsplatz 2/II, A-8020 Graz, Austria
2Department of Mineralogy, Petrology and Economic Geology, School of Geology, Aristotle University of Thessaloniki, 54124, Thessaloniki, Greece

3Department of Mining and Metallurgical Engineering, Section of Geological Sciences, National Technical University of Athens, Heroon  
Polytechniou 9, 15780 Athens, Greece

4Section 4.2 Anorganic and Isotope Geochemistry, Deutsches Geoforschungszentrum (GFZ), Telegrafenberg, D-14473, Potsdam, Germany

ABstrAct

Rutile, titanite, and zircon formed as relatively coarse-grained accessory minerals in several 
samples of high-grade calcite-dolomite marble with an early ultrahigh-pressure history. These minerals 
decomposed to a texturally complex set of secondary minerals during subsequent stages of retrograde 
metamorphism. The reactions involve several generations of geikielite-ilmenite as well as zirconolite 
[(Ca,Th,U)Zr(Ti,Fe,Nb,Ta)2O7], kassite/cafetite [CaTi2O4(OH)2/CaTi2O5·H2O], Ti-bearing humite group 
minerals, thorianite, and sometimes euxenite [(Ca,U,Th,REE)(Nb,Ta,Ti)2(O,OH)6]. Stable coexistence 
of zircon and olivine is observed and stably coexisting titanite with olivine and/or humite-group minerals 
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grids constructed for Ti- and Zr-bearing olivine/antigorite-saturated calcite-dolomite marbles show 
that geikielite is stable at highest pressures, followed by titanite and rutile, and that baddeleyite + 
diopside replaces zircon + calcite to higher pressures. The observed reaction textures are consistent 
with an earlier derived P-T path for the Kimi Complex. They corroborate a period of heating during 
decompression from 25 to 20 kbar and ca. 800 °C, where the assemblage olivine-diopside-spinel-
rutile-zircon formed. This assemblage partially re-equilibrated during subsequent decompression and 
cooling, thus forming the observed reaction textures. Even though no memory of the UHP path is 
preserved in the accessory minerals, their reaction relationships turn out to be potentially very useful 
for geothermobarometry over a large range of metamorphic conditions.
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IntroductIon

Zr- and Ti-minerals in carbonate rocks are rarely discussed in 
the context of regional metamorphism. Their low modal abun-
dance and the fact that reactions among them are characterized 
by very slow reaction rates—rims of ilmenite or titanite around 
rutile are a very common feature in metabasites or metapelites—
makes them very difficult to use for geothermobarometry or the 
mapping of isograds on a regional scale. A notable exception ex-
ists in the field of contact metamorphism: Ferry (1996) mapped 
isograds of Ti- and Zr-minerals around the Ballachulish contact 
aureole in Scotland. In a follow-up study, Ferry et al. (2002) 
calibrated the breakdown of rutile + magnesite to geikielite and 
of zircon + magnesite to baddeleyite + forsterite experimentally. 
Fraser et al. (2004) then dated baddeleyite from the Ballachulish 
aureole to determine the age of the reaction zircon + dolomite = 
baddeleyite + forsterite + calcite + CO2. Marble-hosted zircons 
have been used in several cases for dating (e.g., Liu et al. 2006; 

Garnier et al. 2006) and for inclusion studies, e.g., for finding 
ultrahigh-pressure mineral inclusions in zircons from diamond-
bearing marbles in Kokchetav (Katayama et al. 2002), but only 
Ferry and co-workers have yet been using it as an actual partici-
pant in metamorphic reactions with other Zr-minerals. Titanite 
is a typical mineral in regional or contact metamorphic calcite 
marbles. Rutile is less commonly reported from marbles, but can 
be found—particularly in those cases where pieces of marble 
are dissolved in hydrochloric acid and the insoluble residues 
investigated (e.g., Sastna and Prikryl 2009). The two minerals 
are related by the reaction

rutile + calcite + quartz = titanite + CO2 (1)

which is valid for calcite-dolomite marbles, too, as long as 
they are quartz-bearing. Titanite in quartz-free calcite-dolomite 
marbles is very rare and has not yet been observed coexisting 
with diopside or even olivine (Dunn 2005). Rutile has been 
reported as part of the assemblage forsterite + clinochlore + 
calcite + dolomite + spinel + graphite in a marble xenolith in 
a diorite pluton (Young and Morrison 1992), but the usual Ti-
carrier in a forsterite-bearing marble is humite-group mineral, 


