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INTRODUCTION

The chemical system MgO-Al2O3-SiO2 (MAS) has been 
widely used since the early twentieth century (Rankin and 
Merwin 1918; Aramaki and Roy 1959; Schreyer and Schairer 
1961; Smart and Glasser 1976, 1977; Cox et al. 1979) as a 
model system for melting relations in rocks as well as a source 
of information to develop refractory ceramics (Jung et al. 2004; 
Mao et al. 2005). Application to high-temperature materials 
has led more recently to an increasing interest in Cr-bearing 
MAS phases, notably spinel, olivine, pyroxene, and mullite 
(Li et al. 1995; Girnis et al. 2003; Brey et al. 1999; Doroshev 
et al. 1997; Klemme and O�Neill 1997, 2000). However, cur-
rent knowledge of phase relationships in the quaternary system 
MgO-Al2O3-SiO2-Cr2O3 (MASCr) still remains fragmentary, as 
most experimental studies have focused on the ternary MASCr 
subsystems (Keith 1954; Greskovich and Stubican 1968; Roeder 
et al. 1968; Degterov and Pelton 1996, and references therein). 
The construction of a quaternary phase diagram at 1 atm, which 
accounts for the extensive solid solution observed in many 
crystalline phases-contributes to the constraints placed on the 
high-temperature evolution of planetary materials [e.g., lunar 
basalts, Papike et al. (2005); CAIs in chondrites, Sheng et al. 
(1991)], to improvements in the physical properties of Cr-bearing 
ceramic materials [e.g., Cr-mullite-based refractories, Villar et al. 

(2004), or luminescent glass-ceramics, Wojtowicz and Lempicki 
(1988)], and to promote the formulation of new compounds for 
the inertization and reuse of industrial toxic wastes (Brigida et 
al. 2002). The aim of this work is to contribute experimentally 
to the reconstruction of supersolidus phase relationships in the 
MASCr system, as well as to discuss the topologies of the sub-
sequent quaternary liquidus surfaces. 

THE TERNARY PHASE DIAGRAMS MGO-AL2O3-SIO2, 
MGO-SIO2-CR2O3, SIO2-AL2O3-CR2O3, MGO-AL2O3-

CR2O3

Experimental determination of the liquidus surfaces for the 
ternary systems MgO-Al2O3-SiO2 (MAS), MgO-SiO2-Cr2O3 
(MSCr), SiO2-Al2O3-Cr2O3 (SACr), and MgO-Al2O3-Cr2O3 
(MACr) dates back to systematic work performed in the early 
and mid twentieth century (see also references given in the Phase 
Equilibria Diagrams Database by the NIST and the American 
Ceramic Society). More recently, thermodynamic modelling (e.g., 
Jung et al. 2004) has provided a consistent frame of reference for 
the large data set obtained for each of these ternary systems. 

Phase assemblages formed in the MAS system at 1 atm (Fig. 
1) involve the two ternary compounds cordierite and sapphirine, 
which have a relatively limited range in solid solutions, and the 
binary compounds spinel, corundum, and mullite, which form 
extensive solid solutions. The ternary liquidus surface in MAS is 
dominated by the wide primary phase Þ eld of spinel, by the ubiq-
uitous occurrence of cordierite in the solidus phase assemblages, * E-mail: stefano.poli@unimi.it
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ABSTRACT

Phase relationships in the system MgO-Al2O3-SiO2-Cr2O3 (MASCr) were investigated experi-
mentally from 1250 to 1560 °C using a 1-atm vertical quench furnace on 12 oxide mixtures covering 
a wide range of chemical compositions. Spinel, corundum, mullite, and sapphirine were found to 
display a wide range of solid solutions toward CR-rich end-members, whereas enstatite, cordierite, 
forsterite, and glasses were always Cr-poor. Glasses formed in relatively MgO-rich bulk compositions 
from 1250 °C, in assemblage with cordierite, enstatite, forsterite, and spinel, suggesting a lowering 
of the eutectic minimum in MASCr compared to available melting relationships in the model system 
MAS. Although unexpected, the relatively low-temperature melting of Cr-bearing mixtures is sup-
ported by topological constraints in the subsystems SACr and MSCr. The extent of Cr solubility in 
mullite has been found to reach ~14 wt% at 1560 °C, and 33 wt% in sapphirine at 1340 °C, which are 
the highest Cr values reported so far for these minerals. Liquidus surfaces are constrained by glass 
compositions that are displaced systematically toward silica compared to corresponding liquids in the 
ternary system MAS. As a consequence, the primary crystallization Þ elds of Cr-spinel, Cr-sapphirine, 
and Cr-mullite are found to face the cristobalite/tridymite primary Þ elds. A tentative liquidus diagram 
for the system MgO-Al2O3-SiO2-Cr2O3 is proposed, which could serve as a basis for the interpreta-
tion of the high-temperature evolution of planetary materials as well as for the development of new 
ceramic materials.
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