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Extrapolation of lower mantle properties to zero pressure:
Constraints on composition and temperature
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ABSTRACT

The approximation, (∂K's/∂T)P=0 ≈ 0, where K's = (∂Ks/∂P)S, KS is the adiabatic bulk modulus, and
P, T, and S represent pressure, temperature, and entropy, is often used, or implicitly assumed, to
simplify the interpretation of lower mantle properties when determining plausible mineralogy of
that region. This approximation is now found to be unsatisfactory, and a more general treatment gives
a positive value which increases strongly with K's. We find that (∂K's/∂T)P=0 is (6 to 23) × 10–5K–1 for the
lower mantle. The behavior of this higher order derivative necessitates a reconsideration of the
lower mantle equation-of-state fitting by requiring a higher value of K'S0 (K'S at P = 0) than usually
considered. The value of K'S0(T0) where T0 is the potential temperature, cannot reasonably be less
than about 4.2 and may be as high as 4.6, depending on the uncertain value of K'S0 (290 K) for silicate
perovskite. There is some trade-off between T0 and composition, but if a simple mixture of perovskite
and magnesiowüstite is assumed, the total iron content is found to be Fe/(Fe + Mg) = 0.22, indepen-
dent of both T0 and uncertainty in K'S0 for perovskite. This implausibly high iron content can be
attributed to neglect of the presence of Ca perovskite. We therefore conclude that Ca perovskite is an
important constituent of the lower mantle and that it is seismologically conspicuous.
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INTRODUCTION

Equation-of-state studies of Earth’s interior generally fo-
cus on estimating the zero-pressure density from which plau-
sible compositions are inferred. These density calculations are
undemanding of the equations of state used. Different equa-
tions result in conclusions that conflict with each other regard-
ing the zero-pressure properties of the deep Earth (Stacey et al.
1981; Jackson 1998; Poirier and Tarantola 1998; Stacey 1998).
Without more information than available in the density equa-
tion of state, there is no satisfactory basis for favoring any one
of a range of compositional models.

It is well known that elasticity, especially incompressibil-
ity, provides more information than density. The incompress-
ibility, or bulk modulus, K, is a derivative of density, ρ, being
defined as K ≡ ρ(dP/dρ), where P is pressure. Thus, K is more
sensitive to variations in the equation of state than is ρ, provid-
ing the basis for a series of recent papers (Stacey 1995, 1996,
1997, 1998, 1999) on equations of state and applications to
Earth’s deep interior. A second-derivative parameter, K' = dK/
dP, is even more sensitive to these variations, but has proven
difficult to use because Earth models do not give reliable val-
ues of K'.

PREM (Dziewonski and Anderson 1981), the most widely
used model, represents ρ and the seismic shear and compres-
sional velocities, VS and VP, as polynomials in radius and so
effectively imposes its own equation of state. This is one rea-
son implausible variations of second and higher-derivative prop-
erties are obtained from PREM [see, for example, Fig. 2 of
Stacey (1995)]. Stacey (1998) emphasizes that PREM assumes
a homogeneous lower mantle. The Bullen seismological ho-
mogeneity parameter, η, does show small deviations from unity,
but they can be attributed to the independent parameterizations
of ρ and the seismic velocities (Stacey 1997). The effect of the
parameterization becomes very serious when K' is considered.
In the depth range of the lower mantle modelled as homoge-
neous, the tabulated K' falls with pressure from 3.84 to 3.15
before rising again to 3.33. This reversal of the trend is not
physically real, but a quirk of the parameterization (apparent
also in the K' for the core). Because PREM does not model K'
satisfactorily, it is even less satisfactory when extrapolated to
give K'0, the value at P = 0. Moreover, no proposed equation of
state matches the K' tabulation of PREM. The difficulty is ob-
scured when the density-pressure tabulation is fitted to an equa-
tion of state, giving the illusion that the value of K'0 so obtained
is reliable. In fact, it is determined not by the data but by the
form of the equation assumed. When the third-order Birch equa-
tion is used, it leads to K'0 ≈ 3.8 (Jackson 1998), a value which
is certainly impossible for any plausible lower mantle mineral-
ogy, as we consider further in the Discussion section. We em-


