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abStract

Some errors and metastable phase relations are found in a recently reported oxygen fugacity–silica 
activity [logfO2-loga(SiO2)] diagram of the fayalite-kirschsteinite-hedenbergite-magnetite-wollastonite 
(Fa-Kst-Hd-Mt-Wo) system at 400 °C and 1 kbar (Markl et al. 2001). Systematic thermodynamic 
analysis reveals that the composite exsolution lamellae of Mt and Hd in the olivine from the Ilimaussaq 
Intrusion, Greenland, should form when the reaction 3Fa+3Kst+O2 = 3Hd+2Mt is overstepped on rapid 
cooling. This process is also accompanied by favorable fO2 and a(SiO2) conditions. It is also found that 
the reaction mechanisms from Ca-Fe-rich olivine (Fa+Kst) to Mt+Hd are very different above and 
below the equilibrium temperature of the Mt-absent reaction Hd+Kst = Fa+2Wo. The mechanisms 
above the equilibrium temperature are obviously simpler than those below the equilibrium temperature. 
Despite this difference, the two types of mechanisms have many features in common: (1) Mt and Hd 
can form in Ca-Fe-rich olivine on continuous cooling; (2) If a(SiO2) is not buffered, an increase in 
fO2 alone is enough to transform Ca-Fe-rich olivine into Mt and Hd; (3) At a fixed fO2 or a(SiO2), the 
formation of Mt and/or Hd on cooling requires appropriate a(SiO2) or fO2; and (4) The increase in 
a(SiO2) is favorable to the formation of Hd, but it is not essential for the intergrown exsolution of Mt 
and Hd. These common features are closely related to the fact that the process from Fa+Kst to Mt+Hd 
is an entropy decreasing oxidation reaction.
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introduction

Magnetite and Ca-Fe-pyroxene (hedenbergite) exsolved from 
or intergrown with olivines have been found in a variety of geo-
logical settings, such as ultrahigh-pressure metamorphic rocks 
(Liu and Jin 2006; Liu et al. 2005; Zhang et al. 1999), mantle 
dunites (Ren et al. 2008), the Haladala gabbro intruding in Car-
boniferous volcanic strata (Xue 2008), a shallow-level Tertiary 
mafic intrusion (Ashworth and Chambers 2000), alkaline to per-
alkaline intrusion (Larsen 1976; Markl et al. 2001a), meteorites 
and planets (Krot et al. 1998a, 2000; Kurat et al. 2004; Mikouchi 
et al. 1995, 2000; Sautter et al. 2006; Zolensky et al. 2008), historic 
smelting slags (Lottermoser 2002), and burned coal waste piles 
(Cosca et al. 1989; Novikova 2009; Sokol et al. 2002).

Despite extensive studies in mineralogy, petrology, and 
geochemistry, systematic analysis of phase relations that are 
useful for analyzing the intergrowth conditions of magnetite, 
hedenbergite, and olivine is still scarce. Many years ago, Lindsley 
et al. (1968) and Guo and Wang (1988) made a detailed analysis 
of the phase relations of the Fe-O-SiO2 system on the basis of 
Schreinemakers analysis and experimental results. Gustafson 
(1974) used qualitative T-fO2 diagrams constructed from Schrein-

emakers analysis and experimental results to analyze the stability 
conditions of some phase assemblages including hedenbergite, 
andradite, H2O and related minerals in the Fe-Ca-Si-O-H system, 
but his work did not include fayalite.

Krot et al. (1998a, 1998b) and Zolotov et al. (2006) made 
quantitative calculations and analysis of the thermodynamic 
behavior of mineral assemblages in the presence of aqueous solu-
tions and coexisting gas. They also provided some phase diagrams 
at lower pressures and temperatures, such as a log[x(H2O)/x(H2)]-
log[a(Fe2+)/a(Ca2+)] diagram at fixed loga(SiO2) and temperature 
(50 ≤ T ≤ 310 °C) (Krot et al. 1998b), a T-log[x(H2O)/x(H2)] and 
T-log[a(Fe2+)/a(Ca2+)] diagram at fixed loga(SiO2) and pressure 
(100 bar) (Krot et al. 1998a) and many other phase diagrams 
showing the influence of P, T, fH2/fH2O, fH2, water to rock ratio and 
phase composition on phase relations under different condition 
parameters (Zolotov et al. 2006).

Markl et al. (2001a) made a systematic thermodynamic 
calculation and analysis of the exsolution process of magnetite 
and hedenbergite in olivine samples from the augite syenite of 
the alkaline to peralkaline Ilimaussaq intrusion in South Green-
land. The analysis involved five minerals: fayalite (Fa, Fe2SiO4), 
hedenbergite, (Hd, CaFeSi2O6), kirschsteinite (Kst, CaFeSiO4), 
magnetite (Mt, Fe3O4), and wollastonite (Wo, CaSiO3). In view 
of the heterogeneous exsolution from high-pressure mantle rocks * E-mail: hu_jiawen@sina.com


