Seismic Models of the Earth; Elastic and Anelastic
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The intent of this chapter is to give a brief review of
the current state of seismological modeling of the Earth’s
interior. The Earth is nearly spherically symmetric — we
shall see below that departures from spherical symmetry
in the deep Earth are only a few percent in magnitude —
so it is useful to think of a spherical reference state with
small perturbations superimposed. We write

m(r, 8, §) = mo(r) + 6m(r, 6, ¢) (M
where m denotes a vector of physical properties needed
to define the seismic model. The spherical part of the
model, my (sometimes called the “terrestrial monopole™),
has been the subject of investigation for several decades
and quite precise models have existed for nearly fifty years.
Our knowledge of the aspherical part of the model, at
least on a global scale, has improved dramatically in the
last decade, largely as a result of the availability of high-
quality digital data sets.

2. SPECIFICATION OF EARTH MODELS

What are the properties that comprise the vector m?
We consider first the spherical part of the model. The
traditional data sets used to constrain mg include free-
oscillation frequencies, surface-wave phase velocity mea-
surements, and travel times of body-waves. Free-oscill-
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course, all the data sets are sensitive to the selsmlc veloc-
ities. Until the mid-1970’s, the terrestrial monopole was
assumed to be perfectly elastic and isotropic. An isotropic
model is specified by three functions of radius: density p,
and the Lamé parameters, A and p (p is also called the
“rigidity” or “shear modulus™). Other combinations of
elastic moduli in common usage for isotropic materials
are
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where K is the adiabatic bulk modulus, E is Young’s
modulus, and ¢ is Poisson’s ratio. The Earth’s mantle has
a Poisson’s ratio close to 0.25 which is achieved when
A = u. The fluid outer core is often modeled as a perfectly
elastic (inviscid) fluid where ¢ = 0 so o = 0.5. The elastic
moduli can be cast in terms of the seismic velocities, V),
and Vj:
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In the mid 70’s it became clear that the weak attenuation
of seismic energy in the Earth has a significant effect on
the modeling of seismic data. In any attenuating body,
the moduli must be frequency dependent (an effect called
“physical dispersion™) so that the Earth sensed by low-
frequency free oscillations is different from that sensed by



phenomenological description ot attenuation in the Earth
and must be specified as a function of depth and frequency.
The fact that the elastic moduli are complex leads to com-
plex frequencies of free oscillation which means simply
that the oscillations decay. Observation of the decay rates
of the oscillations can, in principle, be used to constrain
Q. and Q as a function of depth and frequency, and we
shall discuss this below.

The physical dispersion is controlled by d(w) which can
be computed from ¢(w) if ¢ is known for all frequencies

Having decided upon the physical parameters to be in-
cluded in the model, we must still decide how to param-
eterize the structure. Recently, it has become common to
use polynomial representations of the density and seismic
velocities as a function of frequency (IASP91, PREM).
One difficulty is choosing the radial knots at which the
polynomials are broken. There are several radii in the
Earth at which there is clear evidence for a sharp change
in structure of a global nature. The most prominent of
these is the core-mantle boundary (CMB) followed by the













































