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INTRODUCTION

Knowledge of energetics of silicate liquid is necessary for
thermodynamic analyses of mineral-melt equilibria and calcu-
lation of heat balance in magmatic processes. Comparison of
thermodynamic parameters (fusion enthalpy, entropy, and heats
of mixing, etc.) of silicate liquids with different compositions
also gives insight into structure and speciation of silicate liq-
uids on the microscopic scale (Stebbins et al. 1984; Navrotsky
1995). Although heats of mixing for silicate liquids have been
derived as functions of composition based on thermodynamic
analyses of multicomponent phase equilibria (e.g., Berman and
Brown 1984; Ghiorso and Sack 1995; Andersson et al. 2002),
those values depend on the method chosen for calculation of
configurational entropy of the liquid and on the selection of
phase-equilibrium experiments used in these analyses. Calori-
metric measurements of silicate liquids are essential to test the
assumptions in models and to validate (or disprove) mixing
properties obtained from thermodynamic analyses of phase
equilibria.

In early calorimetric studies, heats of mixing of silicate liq-
uids were estimated by indirect methods based on a combina-
tion of solution calorimetry and traditional drop calorimetry
(Stebbins et al. 1982; Richet and Bottinga 1984; Kosa et al.
1992). Furthermore, heats of mixing of silicate glasses instead
of liquids had been investigated in detail by oxide melt solu-
tion calorimetry (e.g., Navrotsky et al. 1980, 1983; Hervig and
Navrotsky 1984; Hervig et al. 1985). The thermodynamics of
phase equilibria in the system anorthite-albite-diopside had been
examined based on the calorimetric data of the glasses in those
systems (Weill et al. 1980; Henry et al. 1982).  However, sub-
sequent studies by direct calorimetric measurements at high
temperature (~1773K) have revealed that the heats of mixing
of silicate liquids are significantly different from those of glasses

(Navrotsky et al. 1989; Navrotsky 1997). Direct measurements
by transposed-temperature drop calorimetry have suggested that
mixing in the liquid in the system Di-An-Ab is less exothermic
than in the glass (Navrotsky et al. 1989). Heats of mixing of
liquids in the system An-Fo (Navrotsky et al. 1989), Di-An-
Wo (Tarina et al. 1994), and An-Di-Fo-En (Kojitani and Akaogi
1995, 1997) are very small or zero. Other methods of direct
calorimetric measurement for silicate liquid are scanning calo-
rimetry by step-scan and differential scanning calorimetry
(DSC). Scanning calorimetry conveniently provides more ac-
curate data of heats of fusion of silicate samples compared with
the drop method.  Richet et al. (1993) measured heats of fusion
of forsterite and spinel by DSC method. Scanning calorimetry
by step-scan method was performed to measure heats of fusion
for diopside (Lange et al. 1991), olivine basalt and ugandite
(Lange et al. 1994), and An-Di mixtures (DeYoreo et al. 1995).
DeYoreo et al. (1995) reported that the heat of fusion of liquid
of 10 mol% An + 90 mol% Di (An12.5Di87.5 wt%) is 114 ± 6 kJ/
mol, 6% less than values calculated assuming athermal mix-
ing. This result suggests that heat of mixing of the An12.5Di87.5

liquid is exothermic.
We have performed direct measurements of heats of fusion

by differential scanning calorimetry for silicate liquids of eu-
tectic composition in the systems anorthite-diopside-forsterite,
anorthite-diopside-akermanite, and diopside-silica and of
akermanite. This paper reports heats of mixing (excess enthalpy)
of silicate liquids in those systems and discusses the consis-
tency between heats of mixing measured by calorimetry and
those predicted from thermodynamic analyses of the phase
equilibria.

EXPERIMENTAL METHOD

Synthetic crystalline anorthite (CaAl2Si2O8, An), diopside (CaMgSi2O6, Di),
akermanite (Ca2MgSi2O7, Ak), and forsterite (Mg2SiO4, Fo), and reagent-grade
quartz (SiO2, Qt) were used for the DSC measurements. The Di and An are from
the same batches used by Sugawara and Akaogi (2003). The Ak was prepared* E–mail: Toru.Sugawara@gakushuin.ac.jp
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ABSTRACT

Fusion enthalpies were measured by differential scanning calorimetry (DSC) for mineral mix-
tures of eutectic composition in the systems anorthite-diopside (An42Di58, wt%), anorthite-akermanite
(An46Ak54), akermanite-diopside (Ak42Di58), diopside-silica (Di84Qt16), and anorthite-diopside-forsterite
(Di49Fo7.5An43.5), along with akermanite. Heats of mixing of silicate liquid in those systems were
calculated based on the DSC data. The liquids of Di49Fo7.5An43.5, An42Di58, An46Ak54, and Ak42Di58

have negative excess enthalpies of –4 to –10 (±5) kJ/mol, whereas the Di84Qt16 liquid has positive
excess enthalpy of 5.0(±1.7) kJ/mol. Those values are consistent with the heats of mixing estimated
by thermodynamic analyses of phase equilibria of the above systems. The results suggest that the
differential scanning calorimetry is useful and sufficiently accurate for direct calorimetric measure-
ment of small endothermic or exothermic heat of mixing in silicate liquid.


