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Solubility of andradite, Ca3Fe2Si3O12, in a 10 mol% NaCl solution at 800 °C and 10 kbar: 

Implications for the metasomatic origin of grandite garnet in calc-silicate granulites
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ABSTRACT

The solubility of andradite garnet was determined at 800 °C and 10 kbar in a solution of 10 mol% 
NaCl and 90 mol% H2O. Experiments were syntheses carried out with high-purity natural wollastonite, 
reagent hematite or natural specular hematite containing ~1 wt% TiO2, and fluid. All experiments 
were performed with Mn2O3-Mn3O4 or Fe2O3-Fe3O4 oxygen buffers in a piston-cylinder apparatus with 
NaCl pressure media for 1–3 days. Andradite saturation was determined by the presence or absence 
of garnet in quenched charges. 

Andradite dissolves incongruently to hematite and fluid with CaSiO3 molality (mCS) of 0.0838  
0.0015 for the reagent hematite and both buffers. Slightly higher mCS of 0.0895  0.0005 for the natural 
hematite and Mn-oxide fO2 buffer is interpreted as due to incomplete equilibration and/or ~9 mol% 
Ti in the run-product andradite. Dissolved Fe molality could be determined only approximately, but 
must be at least ten times lower than mCS. Quenched fluids were very basic (pH 11–12). The solubility 
of Fe2O3 in andradite-saturated H2O-NaCl fluids is lower than that of Al2O3 at grossular saturation at 
the same pressure (P), temperature (T), and fluid composition.

The results permit a test of a model of CaSiO3 dissolution in NaCl solutions to three dominant 
aqueous species: CaCl+, OH−, and H3NaSiO4. Combination of the CaSiO3 molality at andradite satura-
tion with wollastonite solubility at the same conditions (0.1253  0.0047 molal; Newton and Manning 
2006) leads to a Gibbs free energy change of the reaction 3 wollastonite + hematite = andradite at 
800 °C and 10 kbar of –32.21  2.45 kJ. The good agreement between this value and that derived 
from previous studies supports the dissolution model of CaSiO3 in NaCl solutions. The low solubil-
ity of the Fe2O3 component of andradite contrasts with the high solubility of magnetite and of Fe in 
pelitic and granitic mineral assemblages measured in acidic chloride solutions by previous workers 
at lower P and T. The results imply that Fe2O3 is conserved during metasomatic processes affecting 
calc-silicates at high metamorphic grades.
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INTRODUCTION

An important constituent of calc-silicate skarns and granu-
lites is grandite garnet, a solid-solution dominated by andradite 
(Ca3Fe2Si3O12) and grossular (Ca3Al2Si3O12), with minor uvaro-
vite (Ca3Cr2Si3O12). Grandite garnet-bearing assemblages have 
proven to be useful for determining the evolution of pressure 
(P), temperature (T), and fluid-rock interaction in skarns (Zhang 
and Saxena 1991) and calc-silicate assemblages in high-grade 
terranes (Sengupta et al. 1997; Sengupta and Raith 2002; Das-
gupta and Pal 2005). However, identification of the processes 
by which andradite-rich garnet forms has been problematic. 
The skarn association is formed by metasomatic introduction 
of Fe and Si derived from igneous intrusions into carbonate 
wall rocks, often with deposition of important ores of Cu, W, 
Mo, and Fe (Burt 1972; Einaudi et al. 1981). Acidic, chloride-

bearing magmatic fluids are implicated in this transport, as 
shown by the high solubility of magnetite (Chou and Eugster 
1977; Boctor et al. 1980; Simon et al. 2004) and Fe in model 
pelitic and granitic compositions (Althaus and Johannes 1969; 
Whitney et al. 1985) measured at low pH (0–2) at 1–2 kbar and 
300–700 °C. In contrast, Fe mobility appears to have been, for 
the most part, quite limited in high-grade gneisses, which has 
been interpreted to indicate virtual absence of mineralizing fluids 
(Buick et al. 1993). An evaluation of the cause of the apparent 
contrasts between these metamorphic environments would be 
possible if solubility data for andradite could be collected at 
granulite-facies conditions. 

Most previous experimental studies of grandite garnet 
have been devoted to establishing the stabilities of the three 
end-members of the series, alone or in the presence of addi-
tional phases (Huckenholz 1969; Huckenholz and Yoder 1971; 
Gustafson 1974; Liou 1974; Huckenholz et al. 1974; Suwa et 
al. 1976; Taylor and Liou 1978; Moecher and Chou 1990), or 
their solid solutions (Huckenholz et al. 1974; Huckenholz and 
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