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INTRODUCTION

Since its Þ rst calibration by Råheim and Green (1974), 
geothermometers based on Fe2+-Mg exchange between garnet 
and clinopyroxene have been widely applied to eclogites. An 
accurate determination of cation distribution among the intra-
crystalline sites of coexisting minerals is critical in estimating 
P-T conditions experienced by metamorphic rocks. Electron 
microprobe (EMP) data, unfortunately, cannot discriminate 
Fe3+ from Fe2+, so that modal estimation of the Fe3+/ΣFe based 
on stoichiometry and charge balance (e.g., Papike et al. 1974; 
Droop 1987) is widely used. It is well known that not all minerals 
are stoichiometric (Cawthorn and Collerson 1974; Koons 1984; 
Galazka-Friedman et al. 1998). Furthermore, the uncertainty in 
determining Fe content by EMP depends on the total Fe content, 
resulting in too large an error in estimating Fe3+ in pyroxenes to 
be petrologically useful (Canil and OʼNeill 1996). In addition, 
errors in P-T calculations of high-Na clinopyroxene (omphacite) 
from eclogite by direct estimate of Fe3+/ΣFe from EMP data can 
signiÞ cantly affect petrologic interpretation (e.g., Sobolev et al. 
1999; Nowlan et al. 2000; El-Shazly 2001). For example, in order 
to estimate the peak metamorphic temperature and subsequently 
the partition coefÞ cient KD of Fe2+-Mg exchange, the assumption 
Fe3+ = Na-VIAl (Banno 1959) was used to estimate the Fe3+/ΣFe 
in omphacite (Zhang et al. 1995; Okay et al. 2002). However, 
the Na content is lower than the Al content in some omphacites 
(e.g., Carswell et al. 1997; Sobolev et al. 1999; Schmid et al. 

2000). As an inevitable approach in calculating the Fe2+-Mg par-
titioning temperature using the garnet-phengite pair, Carswell 
et al. (1997) and Zhang et al. (2000) followed the approach of 
Green and Hellman (1982) and assumed that all Fe is present 
as Fe2+ in both minerals; this approach, however, neglected the 
heterogeneity of Fe3+/ΣFe in minerals. 

The partitioning of Fe2+-Mg between the M1 and M2 sites 
of pyroxene has been studied in detail for its potential in re-
vealing the cation-exchange temperature and geospeedometry 
(Dal Negro et al. 1982). In those studies, the pressure effect 
experienced by the mineral was generally neglected. Virgo and 
Hafner (1969) studied the pressure effect on the distribution 
of Fe2+ between M1 and M2 in orthopyroxene in the pressure 
range of 0.72 to 1.82 GPa; Fe2+ was found to be ordered in M1 
at elevated pressures. Experimental studies indicated that the 
polyhedral volume of M1 and M2 in diopside were compressed 
under high pressures (ca., 5.3 GPa) (Levien and Prewitt 1981; 
Hazen and Navrotsky 1996) resulting in congruent behavior of 
M1 and M2, which subsequently inß uenced the distribution of 
Fe2+ between M1 and M2. 

Eclogite-facies metamorphism took place over a wide range 
of temperatures; peak metamorphic temperatures are commonly 
estimated by garnet-omphacite Fe-Mg geothermometry. This ap-
proach makes the temperature estimate in the eclogite facies more 
a formal exercise in overall consistency than a quest for indepen-
dent evidence. On the basis of petrologic studies, a distinction 
among low-, medium- and high-temperature eclogites can be 
made (Coleman et al. 1965; Carswell 1990). On the other hand, 
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ABSTRACT

Cation partition among coexisting minerals has been widely applied to eclogite thermometry, 
but an accurate estimation of Fe3+ content compared to total Fe is crucial in obtaining reasonable 
temperatures for petrologic studies. Room-temperature Mössbauer spectroscopy was measured for 
garnet-omphacite pairs in high-pressure (HP) and ultrahigh-pressure (UHP) eclogites from the Dabie 
terrane in east-central China. The results show very low Fe3+/ΣFe ratios of 0.026 to 0.082 in garnet but 
high Fe3+/ΣFe ratios of 0.240 to 0.689 in omphacite. The hyperÞ ne parameters of minerals record the 
HP-UHP conditions that the eclogites experienced. Fe2+ in clinopyroxenes with low Na + Ca contents 
in their M2 sites shows pressure-induced occupation in M1 site. The quadrupole splitting of Fe2+ in 
HP-UHP garnets (3.61 to 3.77 mm/s) and omphacites (2.77 to 3.06 mm/s) are among the highest values 
ever reported, indicating effectively pressure-regulated polyhedral sites. After the Fe3+ was corrected, 
Fe2+-Mg partitioning not only signiÞ cantly narrow the ranges relative to those without Fe3+ correction, 
but also yield temperatures about 8 to 370 ºC lower than the uncorrected temperatures for the same 
garnet-pyroxene pairs. The recalculated temperatures are constrained to narrow ranges of 477 to 647 
°C for quartz-bearing eclogites and 624 to 843 °C for coesite-bearing eclogites. These maximum values 
provide close proxies to peak metamorphic temperatures provided that the retrograde exchange of 
Fe-Mg cations by diffusion between minerals during exhumation is taken into account. 


