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Calorimetry of Mantle Silicate Minerals
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Thermodynamic data of silicate minerals are indispensable to calculate equilibrium phase relations

in the Earth’s mantle. High-temperature calorimetric techniques were developed for measurements of

enthalpies of solution, transition, and fusion of some silicate minerals.

The heats of solution of

Mg,Si0,-Fe,Si0, olivine solid solutions were measured by lead borate solution calorimetry method.

The results gave a positive mixing enthalpy for the olivines. The enthalpy of orthopyroxene-perovskite

transition of MgSiO; was obtained by differential drop-solution method. The heat of fusion of

CaMgSi,0, diopside was measured by DSC method. These thermodynamic data are used to calculate

phase equilibrium boundaries at high pressures and high temperatures and are also applied to better

understanding of generation of magmas.
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Fig.1 Calvet-type twin microcalorimeter.
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Fig.2 Device for solution calorimetry in Ar atmosphere.
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Fig.3 Sample assemblies and solvents for differential

drop-solution calorimetry
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Table 1 Solution enthalpies of olivine solid solutions in the join Mg,SiO,-Fe,Si0,

in 2PbO-B,0, at 979K.

weight AH® weight AH° weight AH®
mg kJ-mol™! mg kJ-moi™ mg kJ-mol ™!
Fe,Si0, (Mgy,5.Feg5),8i0, (Mgo 4,Fey 6,810,
11.84 18.52 8.38 28.20 775 36.39
12.90 18.80 7.36 25.95 8.02 34.66
14.54 20.35 6.97 29.32 7.81 39.25
10.00 20.99 541 25.45 7.53 40.22
6.37 20.81 5.58 27.86 7.63 37.52
9.10 18.73 5.35 31.55 8.45 35.84
7.19 18.44

Av. 28.06 + 1.83

Av. 19.52 t+ 0.86

Av. 3731 £ 1.72

(Mg 6.Feq 43,510, (Mg, .Fey ),810, Mg,SiO,
7.75 45.09 7.39 61.27 11.31 69.49
8.45 48.01 7.27 58.37 10.75 71.31
8.33 47.21 8.12 56.62 10.94 71.54
9.28 47.78 7.34 57.86 10.08 70.38
7.52 48.20 8.47 56.36 11.42 69.38
8.32 48.39 8.20 59.52 12.69 69.29
8.16 50.09 Av. 5833 + 1.5 9.31 71.64
Av. 4782 + 1.13 963 7091
12.31 70.65

Av. 70.51 £ 0.62

The uncertainty is two standard deviations of the mean.
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Fig.4 Solution enthalpies of Mg,Si0O,-Fe,SiO, olivine
solid solutions in 2PbO-B,0; solvent at 979K.
Solid curve shows the least squares fit of the data
in this study. Dashed line represents the ideal
enthalpies of solution of the olivine solid solutions

in this system.
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Fig.5 Excess enthalpies of mixing of olivine solid
Closed

and open circles represent the data in this study

solutions in the system Mg,S8i0,-Fe,SiO,.

and by Wood and Kleppa (1981), respctively.
Solid curve shows the excess enthalpy for the
symmetric regular solution model with Wy=5.3
kJmol™, obtained in this study.
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Fig.6 Phase boundaries for dissociation of Mg,8i0,
spinel to MgSiO, perovskite + MgO periclase.
Solid line represents the calculated boundary in
this study, with two dashed lines showing the
uncertainty of the slope. Experimental data points
are from Ito and Takahashi (1989).
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