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Thermodynamic approach and method of calcu-
lation. For computation of the seismic velocity profiles
in the Earth's mantle (direct problem), we need a
chemical model and a model for the temperature dis-
tribution. Since composition of the entire mantle is un-
certain, it will take a great variety of input composi-
tions. Another approach involves the computation of
the geophysically admissible bulk composition and
density distribution models in the mantle layers (in-
verse problem). Thermodynamic modeling of the
phase relations and physical properties of the multi-
component mineral system at high pressures and tem-
peratures was used to develop a method for solving the
inverse problem of determining the bulk composition,
density and temperature distribution in the continental
upper mantle of the Earth from the totality of geo-
physical evidence [1]. The goal of the inversion proce-
dure is to find a self-consistent petrological-
geophysical model that minimises the discrepancies
between the calculated parameters and "reference
model". The determination of bulk composition from
the seismic data generally can have many solutions. To
choose the best one from a range of solutions, we
should impose some extra conditions, for example, a
close agreement of the temperature and bulk composi-
tion derived from the solution of the inverse problem
with the parameters for a "reference model". For this
purpose, we have used the following conditions.

The temperature distribution in the mantle has
been modelled by the continental geotherm [2]. Seis-
mic velocity profiles as a function of depth have been
taken from the recent seismic model TASP 91 [3].
Chemical composition of the continental upper mantle
at depths of 50-400 km has been modelled by the av-
erage composition of the spinel and garnet peridotites
[4-6]. The chemical and phase compositions of the
mantle were modelled within the system CaO-FeO-
MgO-AL0;-Si0, (CFMAS) including the pure phases
and solid solutions: olivine, spinel, garnet (almandine,
grossular, pyrope); orthopyroxene and clinopyroxene
(5-component solutions). The observed and calculated
values of the thermophysical properties were corre-
lated with the THERMOSEISM software [3]. The
package contains thermodynamic databases and sub-
routines for calculating mineral equilibria at high pres-
sures and temperatures by the method of the minimisa-
tion of the total Gibbs free energy. It can be used to
calculate the equilibrium mineral composition of a
multicomponent system, compute the physical proper-
ties of a mineral assemblage (including the densities
and seismic velocities), and obtain the petrological and
geophysical constraints on the bulk chemical composi-

tion of a planetary body. Typical errors in calculating
+the mantle density are better than 1%.

The solution of the inverse problem is based on
the minimisation of the function [7]:
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F=V,, V, T, C,), (m=FeO, MgO, Al,O3, CaO), where
F; are the parameters of the “reference model”, N is
the number of points along the depth. C(FeO, MgO,
Al,O;, Ca0) are the oxide concentrations; the concen-
tration of Si0O, is determined from normalisation. With
proper selection of the weight coefficients o, the in-
fluence of the F' function on the solution can be ad-
justed, and the solution can be made to meet extra
conditions. In making inverse problem, we require a
non-negative density gradient in the mantle
(dp/dH>0) and assume using the arguments on
Cal,04/Ceqo 1atios and ratio's increments 8Ca,0,/6Cca0

in the mantle [4] that SCA1203 = BCSMgo, CCaO =
KCapo; (B < 0). We have obtained that B=-0.325,
K=0.97 (H=70-80 KM); B=-0.325,
K=0.7+0.0018(H(xm)-120) (H=90-210 km); B=-0.5,
K=0.8 (H=220-400 k™).

Results and Discussion. Chemical composition
of the continental upper mantle, seismic velocities,
temperature and density distribution based on minimis-
ing deviations of the calculated values of seismic ve-
locities, concentrations, and temperature from corre-
sponding seismic, petrological, and thermal data are
shown in table 1. The calculated temperatures and ve-
locity profiles are within the reasonable limits of all
uncertainties involved in geophysical observations [2,
3]. The results of calculation show the radial composi-
tional variations in the upper mantle.

The average bulk composition model of the up-
per mantle is presented in Table. 2. According to the
calculated chemical composition, the continental upper
mantle may consist of: spinel peridotites at depths of
< 70-80 km, low-temperature peridotites at depths of
80-210 km, and high-temperature peridotites at depths
of > 210-230 km. Our analysis of the composition of
the upper mantle leads to the conclusion that the upper
mantle of the Earth may consist of two regions with a
chemical boundary at depths of 210-230 km. Such a
model gives the best fit to the mantle seismic proper-
ties. It should be emphasised that the derived composi-
tion is model-independent in geochemical context but
the degree of its reliability is almost completely de-
fined by the accuracy of seismic and thermal data.
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Table 1
The calculated chemical composition (wt.%) and physical properties of the continental upper mantle
Him TC Cuo  Creo Canos Ccao  Csioo Vo V, V&V p Mgt
71 841 415 820 195 190 4645 8.04 8.05 448 4.56 3.295 .900
120 1120 435 810 120 .84 4636 8.05 8.12 450 4.54 3.295 .905
171 1329 433 790 127 1.02 46,51 8.19 820 451 453 3317 .907
210 1400 432 790 129 1.12 4649 830 830 4.52 4.55 3346 .907
271 1434 427 835 220 2.13 4462 8.52 852 463 4.62 3420 .901
371 1491 40.0 837 350 280 4533 889 880 4.80 4.72 3.530 .895
400 1508 38.0 840 450 3.60 4550 9.03 8.89 4.87 4.76 3.560 .890
V,” and V" are from [3].
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