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Phase Relations of Minerals and Structure of the Earth's Interior
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In high-pressure high-temperature conditions in the earth's interior, constituent minerals
of the mantle transform to denser phases. The most abundant mineral, (Mg, Fe).SiO4 olivine,
transforms to high-pressure phases with spinel structure and (Mg, Fe)SiOs perovskite plus rocksalt-
structured (Mg, Fe)O at the depths where seismic velocities suddenly increase. The equilibrium
transition boundaries for the high-pressure transitions of olivine have been accurately determined
by high-pressure high-temperature experiments and thermodynamic calculation based on calorimetric
data. The results have been used to estimate temperature distribution in the mantle. High-pressure
phase relations of pyroxenes and garnet have also been determined by high-pressure experiments
and thermodynamic calculation. Combining the phase relations of the mantle minerals, constitution
of the deep earth has been mostly clarified. Recent progress in high-pressure experiments has
strongly suggested that Mg-rich perovskite further transforms to a denser structure near the

base of the mantle.
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Fig.1 Layered structure of the earth. The earth consists
of the crust, mantle, and core. The mantle is
divided into three parts: upper mantle, transition
zone, and lower mantle. The core has two parts:

outer core and inner core.
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Table 1 Chemical composition and corresponding
mineral constituents of the upper mantle.n)

Composition wt % Mineral wt %
SiO; 455 Olivine 57
Al,0s 4.6 Orthopyroxene 17
FeO 8.0 Garnet 14
MgO 38.4 Clinopyroxene 12
CaO 3.1

Na,0 0.4

Total 100.0 Total 100
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Fig.2 (a) a- B -y phase transitions of M@.SiO4 and
(b) phase transition of y-Mg,SiO4 to MgSiOs
perovskite plus MgO periclase. Symbols stand
for the runs by high-pressure experiments. Solid
lines represent the calculated transition boundaries
using measured enthalpies, and dashed lines the
uncertainties of the calculated boundaries.
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Fig.3 Phase transition boundaries of (Mgo.g, Fep.1)2SiO4:
o - B-yand y- perovskitedl magnesiowustite.
Shaded areas indicate the depth ranges where
seismic velocities abruptly increase. A dashed
line represents the estimated temperature profile.
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Fig.4 A schematic drawing of subducting plate into
the mantle. In the normal mantle, spinel (y-phase,
Sp) dissociates into perovskite (Pv) and
magnesiowustite (Mw). A shaded part indicates
the area where spinel is present due to lower
temperature in the plate than in the surrounding
mantle.
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Fig.5 Phase relations in the system MgSisO1z-
MgsAl,SisO12 at 1900 K: Px, pyroxene; Gt, garnet;
St, stishovite; B, S-M@:SiOs; ¥, y-Mg2SiOs; 11,
ilmenite; Pv, perovskite; Cor, corundum.
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Fig.6 Mineralogical constitution of the earth's mantle.

Proportions of minerals are shown in volume %.
In the transition zone at depths of 4000 660 km,
most of minerals transform to denser phases.
In the D" layer, a CalrOgs-structured phase is
suggested to be stable rather than Mg-rich
perovskite.
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