Exploring the Earth’s Interior

How do we know about the
Earth’s Interior?




Meteorites have struck
the Earth in the past.

Many are probably
pieces of proto-planets
similar in composition
to Earth.




Meteorites

y

Stony meteorites are rich in
olivine and pyroxene

Similar to Earth’s lithosphere

Meteorites

Iron meteorites are
made of iron and
nickel

Earth’s interior
(core) is similar




Types of Meteorites - |

m Stones

m Primarily silicates (like Earth’s crust and
mantle)

= >90% of all meteorites
m lrons
m [ron-nickel alloys
m Stony irons
m Combination of stony and iron meteorites

Types of Meteorites - |
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Types of Meteorites - ||

m Falls
m Meteorites observed falling to the ground

m Primarily stones (suggests they are more
common)

m Finds
m Meteorites discovered on the ground

m Primarily irons (collected because they are
unusual looking)

How do we know about the
Earth’s Interior?
m By studying Meteorites

m Direct observation (rocks originating
from depth)

m Experiments at high pressure

m By studying earthquake waves
(Seismology)




Large Volcanic Eruptions

Kimberlites




Kimberlites

Peridotite




How do we know about the
Earth’s Interior?
m By studying Meteorites

m Experiments at high pressure

m By studying earthquake waves
(Seismology)

Diamond-anvil cell




Diamond-anvil cell

Multi-anvil Press

Multi-anvil Press

{Courtesy of Nancy Chabot.)

Right: High-pressure, high-
temperature apparatus
used by Chabot and her
colleagues

Below: Ceramic octahedral
sample holder. Samples are|
small, which allows the
equipment to attain high
pressures,




atumina

capsule

Multi-anvil Press

300 um

{From Chabot &f al., 5, wiEs, p. 21

Seismology
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Structure of the Earth

Types of Seismic Waves

Upper mantle

Crust
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Refraction and reflection
of seismic body waves

Surface waves

P-and S-wave Pathways Through Earth

Surface w,,, -
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Travel paths for shallow seismic waves

Earth's Direct wave travels slower
surface through crust and arrives

i at recording station second
Epicenter Recording

station

Wave
refracted refracted
here here

I
Refracted wave travels faster
through denser mantle and
reaches recording station first

P-wave
Shadow
Zone

J 105°
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Seismology and Earth structure

Earthquake Epicenter g° [~

Northridge, Californi

TIME since sarthquake sccured (travel tima)
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Cuter Core

Layers in the Earth

Lithosphere

Inner Care
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Layers of the Earth

Data on the Earth's Interior
Density (g/cm’)
Thickness (km) Top Bottom Types of rock found

22 Silicic rocks.
29

Perovskite, oxides.

Magnesium and
silicon oxides.

Earth’'s CORE

m Outer Core - Liguid Fe, ~2200 km thick,
No S-waves transmitted -> S-& P-wave
Shadow Zones

m Inner Core - solid Fe (some Ni, Co, S, C),
~2500 km thick

m How do we know? Meteorites,
Seismology, Magnetic field
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Earth’s Geodynamo

Earth’s rotation

causes spiral flow | |
in the liquid outer 1

core that aligns
with spin axis

.-’

Electrically
charged spiral
flow generates

Earth's magnetic

field
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A. Electromagnet (Dipolar ﬂeldi B. Bar magnet (Dipolar field)

/ |
C. Earth's magnetic field (Dipolar field)

Origin of Earth’s magnetic field:
the geodynamo
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Origin of Earth’s magnetic field:
the geodynamo

Modeled Geodynamo
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Mantle Tomography

m Uses numerous seismic data

m Uses small changes in speed of seismic
waves

m Faster wave motion may correspond to
denser or colder regions

m Slower wave motion may correspond to
buoyant or warmer regions

Basics of Tomography

Local Earthquake Teleseismic
Tomography Tomography

source and receiver with sources are outside study
in the study volume volume

crustal studies mantle studies
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Tomography of the Mantle

S20RTS
Ritzema =i al.[1993]

Percent variations in S wave velocity
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Tomography Beneath Active Volcanoes
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