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2. The concept of the model

An average Earth model, the subject of this
work, is a mathematical abstraction. The lateral
heterogeneity in the first few tens of kilometers 1s
so large that an average model does not reflect the
actual Earth structure at any point. In construc-
tion of the structure within the first 100 km we
have adopted the concept of weighted average:
assuming that oceanic crust covers two-thirds of
the Earth’s surface and that the average depth to
the Moho i1s 11 km under oceans and 35 km under
continents, we arrive at a figure of 19 km for the
depth to the Moho for the average Earth. This 1s
used as the trial starting value.



We recognize the following principal regions
within the Earth:

(1) Ocean layer.

(2) Upper and lower crust.

(3) Region above the low velocity zone (LID),
considered to be the main part of the seismic
lithosphere. When we finally dropped the as-
sumption of 1sotropy the distinction between
LID and LVZ became less pronounced.

(4) Low velocity zone (LVZ).

(5) Region between low velocity zone and 400 km
discontinuity.

(6) Transition zone spanning the region between
the 400 and 670 km discontinuities.

(7) Lower mantle. In our work we found i1t neces-
sary to subdivide this region into three parts
connected by second-order discontinuities.

(8) Outer core.

(9) Inner core.
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Comparative planetology

Before the advent of space exploration, Earth sci-
entists had a handicap almost unique in science:
they had only one object to study. Compare
this with the number of objects available to
astronomers, particle physicists, biologists and
sociologists. Earth theories had to be based
almost entirely on evidence from Earth itself.
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A dindmica Iinterna da lerra

Richard

“We do much less well with

the Earth than we do with

the conditions of matter in
the stars.”

—eynman

(1962)
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Figure 2.20. Double Benioff zone marking subduction at the Japan arc. Circles are foci of earthquakes recorded

in 1975 and 1976. VF — volcanic front, TA — Japan Trench axis. After Hasegawa et al. (1978b). Redrawn from
Bolt (1993).
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Vlas sera gue essa
viscosidade tao alta é
suficiente para manter a
tectdnica de placas?



Instabilidade de Rayleigh-
Taylor

Lord Rayleigh (1842 - 1919)
Published about 450 papers |
iIn many fields in physics such
as wave propagation,
acoustics, optics, natural
convection

Geoffrey Ingram Taylor (1886 - 1975)
Published over 250 papers in mechanics of
fluids and solids with applications to
meteorology, oceanography, aeronautics,
metal physics, mechanical and chemical
engineering.



Instabilidade de Rayleigh-
Taylor




-0.4

-0.5

0.1

0.2

-0.4

-0.5

0.1

0.2

-0.4

-0.5

0.1

0.2

-0.4

-0.5

0.1 0.2



< A2 >

T= To
y=0
| Cold thermal boundary layer |
| |
| |
| / \ |
: I
|
Hot thermal Isothermal core Cold thermal
plume T=T, plume
| |
} |
| I
| [ |
| I
| Hot thermal boundary layer y=b

x=0 T.T‘ x-NZ



Numero de Rayleigh

T() TO
Lt
Ry — pogaATh? R — apagHb

UK kuk



Numero de Rayleign
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Present Suggested onset time

of plate tectonics Initiation and Evolution of

Phanerozoic .
Plate T'ectonics on Earth:
0.54 Gya . .
Y Theories and Observations
<«— ~0.85 Gya (Hamilton 2011) Jun Korenaga
~ 2
- Gya (Stem 2005) Department of Geology and Geophysics, Yale University, New Haven, Connecticut 06520;
email: jun.korenaga@yale.edu
Proterozoic
2.5 Gya
<«— ~2.8 Gya (Brown 2006)
<— >3 Gya (Condie & Kroner 2008)
<— >3.1 Gya (Cawood et al. 2006)
<— ~3.2 Gya (Van Kranendonk et al. 2007)
Archean
<— >3.6 Gya (Nutman et al. 2002)
<— >3.8 Gya (Komiya et al. 1999)
4.0 Gya <— ~3.9 Gya (Shirey et al. 2008)

<— >4.2 Gya (Hopkins et al. 2008)

Hadean

4.5 Gya
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