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Earthquakes & Volcanoes, Lecture 3 Note: Please don't upload to the web
Steve Marshak because of copyright concerns.
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Megathrust earthquakes OOODDOOOOO How do megathrust earthquakes occur?
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What can we do to mitigate earthquake hazard?

Mainshock and aftershocks
from the 2011 Tohoku
earthquake, Japan. The
distribution of aftershocks
gives a sense of the area of
the fault that slipped.

* Earthquake hazard maps (e.g., identify places with higher probability of earthquakes).
* Earthquake zoning (e.g., avoid locations subject to landslides or liquefaction).

* Emergency action plans (e.g., evacuation routes; fire-fighting strategy; etc.)

* Earthquake early warning systems (i.e., alarms trigger gas-line shut off; train stoppage; etc.)

* Earthquake-resistant design (i.e., for buildings; bridges; slopes; etc.)
 Earthquake-resistant retrofitting (i.e., reinforce existing buildings)

« Individual precautions
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Earthquake early warning systems: Earthquake waves travel at 6 km/s. It gets detected by the first
seismograph it reaches, and radio signals send a warning to the city at the speed of light (300,000 km/s).
5o the city may have up to a few minutes of advance warning before the seismic waves reach it.
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Damaging  Sensors positioned
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Putting some sort of a "shock
absorber" beneath a building
can decrease damage. Inertia
keeps the building in place as
the ground moves. The rubber

rings accommodate the motion.
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Volcanoes !
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Volcanoes outline . . .

| * Where do volcanoes occur, and why.

* Intrusive vs. extrusive environments.
* What comes out of a volcano?
 Styles of volcanic eruptions.

* Volcano hazards.

* Disaster mitigation.
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Why does melting occur in these special places ?
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When hot asthenosphere
rises, it retains heat, but
the pressure decreases,
so it melts.
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Where does decompression
melting occut

Oceanic crust

Not to scale

Volcanic arc
Mantle plume 2. Flux melting
e A Lithospheric
eesmpresion meling & et e o When volatiles (H20 and COz) mantle
-
escape from subducted crust
) into the hot asthenosphere,
Rift they trigger melting.

Occurs at subduction zones Volatiles are released

Decompresion motingbenesth it :

from the crust; overlying
asthenosphere melts.
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B Volcano erupting
hotter melt.
Heat-transfer melting & ™

Melting of crust
occurs here.

Very hot magma rising from
the asthenosphere brings up Heat rising

from magma

enough heat to melt the melts mg crust.

lower crust.

Occurs at continental Hotter magma Lithospherio
hot spots and in rifts . pools at the base!

mantle

[ Cooler magma
jotter magma

of the crust.
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i
Al o this ocean floor was produced by

volcanic activity along the Mid-Atlantic
Ridge during the past 180 millon years

(i.e, the last 4% of Earth history). Prior to
that, the Atlantic Ocean didn't exist, and
Africa was adjacent to North America.

Conyrght© 022 W.orton & Compang o
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‘ Detail of a mid-ocean ridge axis: Submarine volcanoes form along fissures in the crust.

New pillow Iava
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Black smoker \ese are clouds of

when hydrothermal vents along
mid-ocean ridges emit geothermal

ocean water circulates through hot
crust along the mid-ocean ridge and
dissolve minerals from the crust.

microscopic mineral grains that form

solutions. The solutions form when
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Convergent-margin volcanoes '

Aleutians
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Rift volcanoes

Widgrift
N

. Range.

East African Rift

Hot-spot volcanoes:

Attributed to
mantle plumes.

A column of hotter (i.e. less
dense) mantle rises buoyantly,
relative to the somewhat cooler
(i.e. denser) mantle around it.

It rises as hot, solid rock. But
soft enough to flow. Rock
around it is soft enough to
move out of the way.
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Cross section of hot-sp
generated oceanic island.
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Fragmental Older shield
[Marine sediment  lava and o/d slumps ~ Slump volcano
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Formation of a hot-spot track: As the plate moves toward the left, it carries volcanoes
off the hot spot. Once the volcano no longer has a source of magma, it goes extinct.
Then it gradually erodes, slumps, and subsides to become a seamount.

Why does the volcanic island get smaller and sink below sea level?

* erosion
a = * slumpin,
Extinct volcanic Active volcano Piné
islands * subsidence.

What a Geologist Imagines
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Cross sec uch of what was

n through Oahu;
once part of the island has slumped away.

Debris of submarine.
landslides on the floor of

the Pacific, next to Oahu.

100 miles
————
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The "yellow" of Yellowstone
comes from the color of the
ash erupted by eruptions in
the area that is now the park.

The source rock of magma does not melt entirely. It only undergoes
partial melting before the magma escapes and seeps upwards.
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The amount of partial melting affects the silica (SiO) content of the magma, Slica conten.t s éls_o SRR X FEl D EREB
sort of because minerals with a higher proportion of Si and O in their structure with rising magma from the mantle.
melt first (at lower temperature. Minerals with more Fe and Mg melt at higher P:.\ ““‘“‘ N *h‘i "" k‘
Magma may escape before incorporating a lot of Fe and Mg. lLalielinoionvaiiod
produces new magma
that mixes with magma
- from below.
More silica
Relative silica content of magma
Less silica I _ «
| e— .
SR I Blocks of rock fall into
magma and
Deep magma
rises
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Magma is classified based on the proportion of silica (SiOz) that it contains.
The silica content largely controls the type of eruption.

The Four Categories of Magma

Felsic (or silicic) magma 67-76% silica® Rhyolite
Intermediate magma 53-66% silica Andesite
Mafic magma 46-52% silica Basalt

Ultramafic magma 38-45% silica

*The numbers provided are “weight percent,” meaning the proportion of
the magma’s weight that consists of silica.
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