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World's Earthquake Activity

Earthquake activity is not distributed uniformly around the world.
It is mainly confined to relatively narrow bands of intense seismicity
that enclose areas within which very few earthquakes occur.

T,
w
3
_.,5?"

Mw 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0?§

@ ©) GEM

se1ismologica 0 20 50 100 200 400 700 GLOBAL EARTHQUAKE MODEL
Cantre Earthquake depth (km) working together to assess risk

BT I N | S T———_ /7 { ) ————




World's Earthquake Activity

Active Volcanoes, Plate Tectonics, and the “Ring of Fire”
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The majority of earthquakes occur at locations on or close to the
boundaries between tectonic plates:

. about 75% on the circum-Pacific belt (“ring of fire”)
« about 22% on the Alpine-Himalayan region
« less than 2% on the oceanic spreading ridges
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The Earth Structure

Physically Distinct Layers
Lithosphere {cool, hard rock)
Asthenosphere (weaak, "soft® rock)
— Mesosphere (densa, rigid, rock)
Outer core (liquid nickel and iron)
Inner core (solid nickel and iron)

Continental
crust

! Qceanic ™ - - -
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L 50-100 km Lithosphera

~Vopogsi \ \ \ \ \ Engineering Seismology and SeismicHazard I 4/ /) 2019



Composition vs. Rheology

Crust 0-100 km /Lithnsphere
(crust and upper-
most solid mantle)

Mantle
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The Earth Core

16% in volume of the earth and 32% in mass. Divided in an outer part
considered to be liquid (shear waves do not propagate within it) and
the inner core (from 5200 km)

The boundary between the liquid outer core and the solid inner core
occurs at a radius of about 1220 km - Lehman discontinuity, after
Inge Lehman from Denmark.

The change in density across the core-mantle boundary is greater
than that at the Earth’s surfacel!
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The Earth Mantle

Divided into the upper mantle (until 660 km) and lower mantle until the
contact with the Core at adbout 2900 km depth - Gutenberg
discontinuity

It is further subdivided into:

« The uppermost mantle (crust to 400 km depth)
e The transition zone (400 - 700 km depth)

o The mid—-mantle (700 to "2650 km depth)

« The lowermost mantle (72650 - 2891 km depth)




The Earth Crust

Continental crust is made of ‘light’ rocks (mostly of granitic
composition).

The boundary between the crust and the Uppermost Mantle is referred
to as the"Moho” discontinuity

It was discovered in 1910 by the Croatian seismologist Andrija
Mohorovicié.




Asthenosphere

The asthenosphere exists between depths of 100-200 km.

It is the weakest part of the mantle.

It is a solid over short time scales, but behaves like a fluid over
millions of years (viscoelastic solid).

The asthenosphere decouples the lithosphere (tectonic plates)
from the rest of the mantle.

There is not a strict boundary between the lithosphere and the
asthenosphere as there is between the crust and mantle.
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Lithosphere

Includes the crust and the upper part of the mantle. Its average
thickness is about 80-100 km.

Below mountain chains it can reach a thickness of about 200 km.
For seismic hazard this is the most important ‘layer’ since it’s the
outer one and is also the one where a large portion of the
earthquakes occurs.

Derived from GREEK word: Lithos = Rocky/Stone

subduction mid-ocean
tectonic  zone tectonic ridge
plate plate m
i ~ oceanic continental ||
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Tectonic Plates

Earth’s lithosphere is divided in about 20 plates that move relative
to each other
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Continental Drift: Hypothesis

Wegener had compiled @
strong circumstantial case for
continental drift, but he could
not adequately explain how or

Rekonstruktionen der Erdkarte nach der Verschiebungstheorie h t t d ft d
rdiarte nach ¢ W contents darittea.
Schraffiert: Tiefsee; punktiert: Flachsee ; heutige Konturen und Flitsse nur zam Erkeunen.

Gradnetz willkitelich (das hentige von Afrika).
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Continental Drift: Hypothesis

PERMIAN TRIASSIC
250 million years ago 200 million years ago

PRESENT DAY

JURASSIC C
145 million years ago 65 million years ago
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Continental Drift: Evidences

Empirical evidences:

1) Geometrical fit of continents

2) Similarities on distribution of fossils

3) Common Paleozoic glacial deposits

4) Continuity of pre-Cambrian mountain belts
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Proof: Paleomagnetism

If the continent is fixed,
the pole must wander.

. ) Magnetic
A succession of paleopoles defines north
an apparent polarwander path. Gesgiaphic o
north If the pole is fixed, the

continent must drift.
T
Paleomagnetic inclination and

declination changes in a succession
of rock layers at a given location.

(b) If continents are
fixed, then the pole
moves relative to the

continent. If the pole is
fixed, then the continent
must drift relative to the pole.

(a) Measurements of
paleomagnetism in a succession of
rock layers on a continent define an
apparent polar-wander path relative
to the continent.

Million Successive layers of
years old rock near locality ® 90° W

(e) The apparent polar-

0° wander path of North
America is not the same
as that of Europe or Africa.
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Proof: Paleomagnetism

Geographic North Pole

Geographic Narth Pole
Magnetic

South Fole

Magnetic

Magnetic
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Normal polarity

2 Million Years

1 Million Years B

OMiIIion Ye_ars

Earth’s magnetic field flips and seafloor Earth’s magnetic field flips again
forming a new stripe of normal

Seafloor spreading begins
polarity reverses
polarity seafloor

. Normal Polarity |:| Reversed Polarity
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Proof: Geochronology

Age of Oceanic Lithosphere (m.y.)

Data source:
Muller, B.Ix, M. Sdrolias, C. Gaina, and W.R. Roest 2008, Age, spreading rates and spreading symmetry of the world's ocean crust,Geochem. Geophys, Geosyst., 9, Qo4006,
doii1o.1020/2007GC001743.

§  Image created by Elfiot Lim, Cooperative Institute for Research in Environmental Sciences, NOAA National Geophysical Data Center (NG, Marine Geobogy and Geophysics Division @
e Data & images available from hitps/fwww.ngde.nom.govmgg/ k-
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Proof: GPS velocities
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(5.5 cm per year)

Credits: Stephen Marshak (Essentials of Geology)
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Plote Rotation: Euler’s Poles




Mantle Convection

Mantle behaves over geological times as a viscous fluid. Heated by
the decay of radiogenic elements, it flows in gigantic convection
cells

Mid-oceanic ridge

Trench Ocean

Subduction
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Plate Boundaries

Due to convective currents, the plates interact with one another in
three basic ways:
1.They collide >> convergent boundaries

2.They move away from each other >> divergent boundaries
3.They slide one past another >> transform boundaries

Spreading
ridge

bour_ldary Subduction

zone boundary
Spreading Y l
ridge 4
boundary

Fracture zone

ii////////////////
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Upwelling ///}
e \
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Boundary Distribution
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Divergent Boundaries

New crust is generated as the plates pull apart. Occur at spreading
ocean ridges and in continental rifts. Earthquakes are shallow and
small.

DIVERGENT BOUNDARIES

Rifting and spreading along a mid-ocean

(a) Oceanic Spreading Center ridge create new oceanic lithosphere.

Example:
East Pacific Rise
(about 15 cm/year)

Rifting and spreading zones on continents
are characterized by parallel rift valleys,
volcanism, and earthquakes.

Examples:

African Rift Valley
Northern Red Sea
Basin and Range, USA

| pfrican Plate
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Convergent Boundaries

Plates push together and collide violently. The largest and deepest

earthquakes in the world are generated. Two cases:
A) oceanic-continental crust >> the denser oceanic crust subducts

B) continental-continental crust >> creation of orogenic belts

(d) Ocean—Continent Convergence

When oceanic lithosphere meets continental lithosphere,
the oceanic lithosphere is subducted, and a volcanic
mountain belt is formed at the continental margin.

Y

Nazca Plate

‘Where two continents converge, the
crust crumples and thickens, creating

(e) Continent-Continent Convergence high mountains and a wide plateau.

Himalaya
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Convergent Boundaries

Pacific Ocean

TRENCH
0 km
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Transform Boundaries

Plates slides one other. Large but shallow earthquakes are generated.

TRANSFORM-FAULT BOUNDARIES At transform faults, plates slip

. horizontally past each other.
(f) Continental Transform Fault San Andreas Fault

=

Mid-ocean ridges are typically

(g) Mid-Ocean Ridge Transform Fault offset by transform faults,
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Transform Boundaries
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Hypocentral Depth Distribution

Earthquakes in 2003, Located by the NEIC

USGS National Earthgquake Information Center Thu Acg 21 14:58:47 MDT 2002
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