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The chemical compositions of planetary mantles are, in general, esti- 
mated on the basis of density, compositions of melts generated (where known) 
and comparison with the earth and meteorites. Small variations in bulk com- 
pcsltf on, particularly 

Fe/Mg ratio, Si02!A1203 and Si02/(Ca0 + MgO + Na20) 

can have considerable effect on the P-T positions of chemical reactions and 
the resultant phase relationships in hypothetical planetary compositions. 
The object of this study is to predict phase relationships and mineral com- 
positions as functions of pressure, temperature, and bulk mantle composition 
using available thermodynamic and phase equilibrium data. 

The method used to calculate equilibrium assemblages at given P, T and 
composition is taht of free energy minimisation using steepest descent. This 
has been. employed to obtain an internally consistent thermodynamic data set 
based on calorimetric and phase equilibrium measurements in the systems 

Ca0.- A1 0 - Si02, MgO - A1203 - Si02Ca0 - MgO - A1203 - SO2, Na20 - 
2 3 

A1 0 - Si02 and FeO - MgO - A1203 - Si02. 2 3 
Currently, the following data give good fits to enthalpy, entropy and phase 
equilibrium data: 

~(1000~) S(10001 V(:'2:K) . . 6 phase component cal . cal K- 
clinopyroxene CaMgSi206 -34900 96.7 66.1 2.92 0.82 

orthopyroxene CaMgSi206 -34900 96.7 66.1 2.92 0.82 
I T  I (  MgA12Si06 +I920 95.0 64.22 2.92 1.01 

I I II Mg2Si206 -16820 93.51 62.64 2.92 1.01 

spinel MgA1 204 -5380 64.47 39.71 2.75 0.49 

plagioclase C?.Al Si 0 -24250 127.8 100.79 1.48 1.1 
2 2 8  

I I I f  NaA1Si208 -15700 130.11 100.43 3.44 1.6 

olivine Mg2Si04 -14980 66.23 43.79 4.14 0.79 

garnet Ca3A12Si2012 -77510 187.2 125.24 2.34 0.54 
II II Mg3A12Si2012 -20450 185.9 113.3 2.57 0.47 

quartz Si02 0 27.62 22.688 6.0 2.5 

corundum 
2'3 

0 43.0 25.575 2.61 0.37 

These data reproduce phase equilibrium measurements on the spinel-peridotite 
-t garnet-peridotite reaction in the systems Mg0-A1203-Si02 and Ca0-Mg0-A12 
03-Si02 assuming ACp = 0. In the former system, the reactlon passes through 
the P-T points 20.2Kb/1100°C, 18.3Kb/900°C and 17.5Kb/600°C with the spinel- 
olivine-pyroxene assemblage being stable on the low pressure side. In the 
CMAS system, the reaction is calculated to be shifted to pass through points 
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14.5~b/1100~C, 14.2Kb/900°C and 15 .2Kb/600°C. (Note that the slope is pos- 
itive at high temperatures and negative at low temperatures. 

The reaction: Foresterite + Anorthite = Spinel + Orthopyroxene + 
Clinopyroxene is calculated to take place at points 7. 9Kb/1300°c, 7Kb/1 100°C 
and 6.1Kb/800~~. 

Terrestrial mantle compositions pass through the well known assemblages 
plagioclase - lherzolite +spinel lherzolite +garnet lherzolite with increas- 
ing pressure. Postulated blartian mantle compositions are lower in SiO and 
have higher Fe/Mg ratios than terrestrial compositions. The calculate2 phase 
assemblages, with increasing pressure are plagioclase lherzolite, spinel 
lherzolite and spinel-garnet wehrlite. 

Preliminary calculations indicate that on Mars the plagioclase-spinel 
reaction is little changed from the values fiven above, whereas the spinel- 
garnet reaction should be about 3Kb lower than it is in the CMAS system. 
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