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Lifhespherc Plates Fig 4.19

* lithosphere is broken up
into 12 maijor plates
move about (a few cm per year)
driven by mantle convection =, divergent
—— . convergent
| o fransform

\\ Side past Image: P. Abbott “Natural Disasters”
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j‘?;m r’rhqued _ Bodories

i « most EQs along
all 3 types of plate boundary
» these EQs are shallow
i * Egs only in brittle lithosphere

shallow (< 100km)
infermediate (100-300 km)
deep (>300 km)

in Subduction Zones

deep EQs only
ocean-ocean convergent
ocean-continent convergent
= subduction zones

2 | e
overriding plate

subducting platef

‘90 O
o®
shallow (< 100km) == — e o
infermediate (100-300 km) : =~ confinent-continent convergent
deep (>300 km = has no subduction!

X

sx




10/9/23

= Earfhguakesin Subduction Zones
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shallow (< 100km) * shallow EQs mainly along trenches
intermediate (100-300 km) 2 « deep earthquakes only behind trenches
deep (>300km) [ « distance from trench -> stegpness of slab

Earfthguakes inSubc’rion 42

" Typical Subdution

Jucti

earthquake depth
shallow intermediate deep
*
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. shollow EQs behind trench
in OVERRIDING plate

Deep-ocean

e Pacific

Ocean

Shallow

Intermediate

2 ltech Arehive

Volcanic arc

Descending ntermediat
Upper mantle plate earthquakes
/ Wadati-Benioff

Transition zone zone
Deep earthquakes

may go to the
core-mantle boundary.

slab: part of the
- subducting plate that is
already in the mantle
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Earfh’s Largest Quakes

- Table 5.1 The 16 Largest Earthquakes in the World since 1900¢

-~ Rank Location Date Magnitude Plate Boundary
1 Valdivia, Chile 22 May 1960 9.5 Nazca (plate) subduction
= 2 Prince William Sound, Alaska 28 Mar 1964 9.2 Pacific subduction
= “Good Friday Earthquake™

Sumatra-Andaman, Indonesia 26 Dec 2004 9.1 Indian subduction =
Tohoku, Japan 11 Mar 2011 9.0 Pacific subduction g
Kamchatka 04 Nov 1952 9.0 Pacific subduction
Maule, Chile 27 Feb 2010 8.8 Nazca subduction
Off the Coast of Ecuador 31 Jan 1906 8.8 Nazca subduction
Rat Islands, Alaska 04 Feb 1965 8.7 Pacific subduction
Northern Sumatra, Indonesia 28 Mar 2005 8.6 Indian subduction
Assam, India - Tibet 15 Aug 1950 8.6 India/Asia collision
Andreanof Islands, Alaska 09 Mar 1957 8.6 Pacific subduction
Southern Sumatra, Indonesia 12 Sep 2007 8.5 Pacific subduction
Banda Sea, Indonesia 01 Feb 1938 8.5 Pacific/Indian subduction
Kamchatka 03 Feb 1923 8.5 Pacific subduction
Chile-Argentina Border 11 Nov 1922 8.5 Nazca subduction
Kuril Islands 130ct 1963 8.5 Pacific subduction

—— —— = R

the largest EQs in the last 100 year occurred in subduction zénes

3
=on LT3

3: Topic 5 - Earthquakes and Plate Boundaries

rupture propagation
of 2004 Sumatra-Andaman EQE
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Q1 Where in the U.S. do we find the greatest earthquake
hazard?

© Single Choice ) Multiple Choice
California
Alaska
Hawaii
Oklahoma

South Carolina

Q1 Where in the U.S. do we find the greatest earthquake
hazard?

Nno simple answer

© Single Choice ) Multiple Choice

clifernia high population density

neska  greatest EQs

Hawaii some Eqgs/tsunami risk
Oklahoma even here

South Carolina some EQs
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saaes EQITHQUAkeES N Plaie’s Injerior

- ZUSGS PGA 2% in 50 yrs

science for a changing world

Lowest hazard

& source: USGS
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New Madrid: Earfhguakes in RPlate siiniernor
| Mag 7.9/8.0, 1811/1812; B
E Largest U.S. EQ outside of Alaska between 1oL
: oeer with 1857 Fort Tejon, CA) = 1995

Mercalli Intensity = Shorf Video Sb M

Copyright © Gr splay.

EorThqudkes recorded
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A e adrid: Eor’rhuaks in Pl’relnrior2

~ Fig.6.36

Reelfoot Rift
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Magnitude

PLATE
(Somalian)

EXPLANATION
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today's most active continental rift
: 2 strands

earthquakes and volcanism
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Induced Sesmici’ry — y?_

Oil  Reservoirs/Dams |

Production/Geothermal —

Changes in solid stress
== due to fluid extraction or injection
= (poro-thermoelastic effects,
~ Direct fluid pressure changes in gr?vit;tional loading)
effects of injection §% .
(fluid pressure frockmg + *

AR © VOste water o
disposal

F BN | Increase in pore
e / pressure along
fault (requires - Change in loading
Permeable high-permeability conditions on fault
reservoir/ pathway) (no direct hydrologic
aquifer connection required)
Image: wikipedia/USGS
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c 5- Earthquakes and Plate Boundaries

re.s1 AN Earthquake Along a Fault

« fault plane: contact zone along which an EQ o
« fault: surface expression of fault plane
{ » hanging wall: wall above fault plane
« foot wall: wall below fault plane
 epicenter: surface projection of hypocent

=
==

: Topic 5 - Earthquakes and Plate Boundaries
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Fig. 5.1 I’r Geoe’r d . z o an EQW

ho: source depth

earthquake size depends on
e rupture area within the fault plane

2 * slip (displacement), rupture length
= « source duration

TS '\A
= i.e. large EQs are
— unlikely along shgr’r fqul’rs

Parameters of an Earhguake Aleng a Fauli
* strike (direction of surface trace) =

* dip (dip of fault plane)

B rake (direction of motion of hanging wall)
& - slip vector (motion of block)
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Table 5.5 Annual Worldwide Seismicity by Moment Magnitude (modified from @)

Magnitude # of EQs/year Estimated Radiated
Seismic Energy (x10'7 J)

8.5 and up 0.3

8.0-8.4 1

7.5-1.9 3

7.0-7.4 15

6.6-6.9 56

6.0-6.5 210

5.0-5.9 800

4.0-4.9 6200

3.0-3.9 49,000

2.0-2.9 350,000

0.0-1.9 3,000,000

> 3.5 Mio per year
small events often
large events rare

Eariiguake RECUmEnEcE limeE: 6 518
— Global Earthquakes per Yea =

107

= 1,000,000
100,000
10,000

1000

1.0 25 35 4.5 555056.757.2 7.7 8.2 85
Magnitude
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