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Laser beams
(two) are
reflected
downward
from air-water
interface and
refracted
(bent) as they
pass through it.
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Mantle

Outer core
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Inner core
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gurface Waves Later arrivals (SS and PP)
travel through shallower mantle
and thus tell us about properties
of regions shallower than do
the primary P and S wave
arrivals.
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Important properties of the Earth’s interior

*Heat gradient and variations
*Fluid-like behavior

Welcome 1o heaven--)

*Magnetic field (next lecture) Here's your harp.- -
*Hell ?

Welcome To hell
Here's your accordion.
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Interior cools through
loss of heat through
crust.

Terms:

— conduction — mechanical
transfer of heat through
vibrational motion of atoms.
Rocks are POOR conductors

- convection — heat
transferred by circulation of
hot rising and cool sinking
material — must be capable of
flow.

Conduction example: subsidence of
seafloor increases as square root of age,
precisely as predicted by thermal
conduction heat flow models.
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1 Seismic tomography uses
the travel times from many
Focus earthquakes recorded at
many receivers to create
three-dimensional images
of Earth’s interior.

Seismographic
stations

Figure 14-9 part 1
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2 Regions with faster S-wave speeds indicate relatively
colder, denser rock. Regions with slower S-wave
speeds (red and yellow) indicate relatively hotter, less
dense rock. A tomographic section through Earth
reveals hot rocks, such as a mantle plume rising from
Earth's core beneath South Africa,...

3 ...and colder rocks,
such as the descending
remnants of the
Farallon Plate under
the North American
Plate.

Figure 14-9 part 2
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4 Near Earth’s surface, hot rocks in the 5 Moving deeper, we see the cold lithosphere of
asthenosphere slow S waves, as revealed by stable continental cratons (blue and purple
the warm colors (red and yellow) along regions) and warmer asthenosphere beneath
oceanic spreading centers. ocean basins (red regions).

500 km 2800 km (near mantle-core boundary)
6 Deeper in the mantle, the features no 7 Near the mantle-core boundary, the S-wave
longer match the continental positions. patterns reveal colder regions around the

Pacific that may be the “graveyards” of sinking
lithospheric slabs.
Figure 14-9 part 3
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TIME 1

A continental glacier starts to
form, and continues to thicken
over a few thousand years at
the start of an ice age.

TIME 2

The continental crust bends
downward under the ice load
to the extent needed to provide
buoyant support.

TIME 3

At the end of the ice age, rapid
warming melts the glacier.The
depressed crust begins to
rebound.

TIME 4

Rebound continues long after
the glacier has melted, slowly
returning to its pre-ice-age
elevation.

Unnumbered figure pg 331
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Earth’s magnetic field and the geodynamo

William Gilbert b. 1544 / d. 1603
Physician to Queen Elizabeth I

Gilbert (1600)

De Magnete, Magneticisque Corporibus, et de Magno
Magnete Tellure (On the Magnet and Magnetic Bodies,
and on the Great Magnet the Earth)

“The Earth is a great magnet”

Lines of magnetic force point downward in northern
hemisphere and upward in southern hemisphere, with
axis tilted 11° from that of rotation

Lines of force create a Magnetic Dipole




Earth’s magnetic field and
geodynamo

* Field is more complex
than a simple dipole

* Changing location of
North magnetic pole
1600-2000 AD

e Secular variation

Figure 14-10
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Earth’s magnetic field and the dynamo

* Quter core = convecting fluid

* Convection of iron generates magnetic field
* 90% of field described by dipole

Map of ideal dipole tilted by 11°

S NN B
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Magnetic field mapped at surface in 2000
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* 10% of field is non-dipolar at
surface

* >10% non-dipolar at core-
mantle boundary
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Magnetic field mapped at core-
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Figure 14-11cef
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Paleomagnetism
* Records of magnetization

— Thermoremanent (cooling lava flows or hearth stones)

— Depositional remanent (sediments)

30,000 years ago

Figure 14-13
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Today
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Magnetic stratigraphy
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Black bands indicate periods 3500
in time when Earth’s magnetic

field was normal (magnetic
north = geographic north).
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Supercomputer simulation of
magnetic field reversal

* model can tell us about
processes in the outer core
and conditions in the lower
mantle

Field lines in core

are entangled owing
to convective motions
that create the
geodynamo.

Magnetic field linesin Field mapped at core-
mantle approximate = mantle boundary reveals
those of a dipole. complexities in the core.

Figure 14-11d
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Supercomputer
simulation of
magnetic field
reversal
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Magnetic field lines with normal orientation prior
to reversal. The magnetic field lines in the mantle
approximate those of a magnetic dipole.
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Supercomputer
simulation of
magnetic field
reversal

7\
L
Beginning of magnetic reversal. Geodynamo
spontaneously begins to reorganize its magnetic
field, increasing the complexity of the field lines
within the outer core and decreasing the strength
of the dipole component of the magnetic field.
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Supercomputer
simulation of
magnetic field
reversal

Time 3

Reversal continues with rapid changes in the
structure of the magnetic field, which continues
to have a weak dipole component.

Figure 14-12 part 3
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Time 4

Reversal nearly complete. Dipole field
restrengthens with its north pole now
pointing south.
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