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_logle 7 Eor’rhquoke Se|smology

Homework #1 expec’r Gnswershee’r Y- Moenday,
Homework #2 online (due Iuesday)

‘For—c;_r‘e_c_JIi’(vTes’rj_#‘Q _o_nline“_S‘L_mdoy, due Iv\on_do_y ‘

each ftestis 5 points
eochvhomework IS 20 points -> 20/4 =5 poINiS

" B oo

" Table 5.5 Annual Worldwide Seismicity by Moment Magnitude (modified from (3))

. Magnitude # of EQs/year Estimated Radiated

L 8.5and up 03 11.1

8.0-8.4

= 7579
7.0-7.4
| 6.6-6.9

6.0-6.5
= 5.0-5.9
5 4.0-4.9
3.0-3.9
2.0-2.9
0.0-1.9

Seismic Energy (x10'7 J)

1 5.0
3

15

56

210

800

6200

49,000

350,000

3,000,000

> 3.5 Mio per year
small events often
large events rare
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Earfnguake k Recurrence lggs o

E.g. 3 Mio EQ/year -> 1 EQ every 10.5s
0.3 EQ/year -> 1 EQ every 3.3 years

we heve 24 EQs per doy
> recurrence fime:is




The Different Tyjpes of Seismic Waves

P and S Wove booves ﬂ

e

7 Station 1
= RESAYA[SAY Station 2

q lecture nofes £
& and book b Station 3
chapter ;

(b)

Image: S. Marshak “Earth, Portrait of a Planet”

Earth: Portrait of a Planet, 2nd Edition
Copyright (c) W.W. Norton & Company

S-waves

Wave
propagation

Earth: Portrait of a Planet, 2nd Edition
FIGURE 10.27 Copyright (c) W.W. Norton & Company
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N a'Seismogram:
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1. P first, typically smallest signal
2. S, typically larger (felt by humans)
= 3. Love
4. Rayleigh, longest/largest wavetrain, most damaging

LR e

i T

. p wave used in early warning systems |
~ warning time: up to 1 minute
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P wave first
Rayleigh damaging

"Bt -,,: .;‘":1; "
tabhay vP=6.0 km/s :
¢ x=50 km -> 1=8.3s :

.- VR=2.9 km/s '
%} " x=50 km -> t=1 7.25"‘1;;
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e ¥ time difference/
warning time:
8.9s
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there is already a fault
why don’t blocks move
all the time?
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there is already a fault
why don’t blocks move
7aII the time?

S

asperities: protrusions that increase friction along a fault
EQ: when stresses high enough to overcome friction

fault breccia/fault gouge: broken-off, ground up asperities
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S’rressrlc’noncnd S’nck Sllp Behowor

fault locked
very little creep

fault locked

1. stress builds up; dsperi’riesf Nno -mo’rion
2. stress overcomes friction -> EQ + aftershocks
3. slip along fault; stress drop

o. 0
Flg.5.19 start from 1)

Earthquckes and Affershiocks:

ypically:
ax. Magnitude has exponential decay &
with exceptions

2016 Central Italy earthquake
(magnitude)

Earthquake Seismology

very little creep S
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Eor’rhquokes cmd Af’rershocks
2023 Herat sequenc

many large aftershocks

Nno knowledge of Iow—mogm’rude even’rs (Iock of regional s’ro’nons)
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Oct 7 6:40-0ct 13 11:15UTC

| sorry for the crummy/ad hoc
display!
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EQ Recurrence lime and Proboblh’ry

> EQs not regular
= > recurrence time has a certain probability

@ Santa Rosa
® Vacaville

1850 1870 1890 1910




~ Updated EQ Prowability

» recurrence time varies along same fault

Uniform California Earthquake
Rupture Forecast, Version 3

(UCERF3)

Celfleie < FeltiF
rENEWEGeEUS

SInce RIGGECrEST
2019,

1/1000 1/100 1/10

1 10
30-year M>6.7 Likelihood (Percent)
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overloy sofelln‘e olhme’rry gale]e) before and after EQ
| -> m’rerferogrom -> fringes showgmoun’r of slip olong fault

31°00"

25 km
Sep 17, 1999 Izmit, Turkey
Earthquake
g
SAME PHYSICS A5 GRS ﬁ'
— excepi different :
— wavelength
= J:m fomm

s

Image: NASA/JPL; W|k|ped|c
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2023 Hero’r Eor’rhquake

S e

Herat 7Afghan|stan Earthquake 2023 |

~= a -

InSAR does not agree with

.%or‘rhquoke locations
“ﬁ ' fﬁ.«‘ et :

A

do to lack of reglonol seismic 1

source: éeoforschungszentrum, Potsdam, Germany' & STOhOI’]S some eOrThQUOkeS
= may be mislocated
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Fig'5~17 —&4h -EQS Trigger other EQse

__;_ =] \.. n mnxn mv m

Slmeon EQ increased sTress af
Parkfield
made #8 more likely22?

-EQs can frigger/influence other EQs on nearby faults
(1992 Landers/Big Bear)

-very large EQs may trigger volcanism far away (Rayleigh wavesl)
(2002 Denali EQ/Yellowstone; 2004 Sumatra/Alaska volcanoes)
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INSAR EQ Forecos’r omd ’rhe SAF

xample: southern SAF
last major EQ: 250 years ago,
while north and middle SAF
ruptured 1906, 1989 and 1857
typical co-seismic slip for
= big EQs: 7-1

relaxed

] —————
pE————
—
—

"~ suess 10aded

I strain

Rock Breaks
-> Earthquake|

Fault
SIO15 zuz4: 10pIC / - EQITNQUAKE deIsmOoIogy

will force
10 older buildings begins at this level.

« use stack of INSAR images to
get strain rate
» extrapolate to 250 yrs

= - takes into
.= account
= local geology

| probability of
s’rrong shoklng

’rokes m’ro occoun‘r

local geology, tectonics,

seismicity
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e = =
USGS Community Internet Intensity Map
BAJA CALIFORNIA, MEXICO

Apr 4 2010 15:40:42 local 32.2587N 115.2872W M7.2 Depth: 10 km ID:ci14607652
L i L n L

Did-

e

35°N =3 e | Ty size
0 <omo
L ), Tadcos
- Rarsto 2 18550
@t i

* understand shaking
characteristics of EQs
*improve local forecasts
for strength of shaking

77746 responses in 1185 ZIP codes and 37 cities (Max CDI = VII)| 50 km

119°'W 118'W 17'W 116'W 115'W
INTENSITY | 1 [ IRNE | IV v vi vi

sHAKING |Not felt| Weak | Light [Moderate| Strong [Very strong| — Severe [ Violent | Extreme

i 35'N
N

DAMAGE | ncoe | none | nome | Verylight | Light | Moderate IHssvyI va.;vyl

Processed: Wed Mar 2 04:54:36 2011
i
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Fig. 6.42

Eor’rhquoke Hozord I\/\ITIgC]TIOh

(e.g. use wood, not bricks)
- construct lifelines to EQ building codes
- problematic in less developed countries
- grading according to code (landslides!)
- secure ||fe Imes/moke dlsos’rer plons

Anchor bolt Got water?

: flashlight

- canned food

& batteries
battery-op radio

- D T it
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20 October 2022 Greari: ShokeOu’r Dr|II

WareO Ragors

Great ShakeOut

Earthquake Drills

Why Passcipate?  Who » Partiopating?  How 10 Partapate  Hesources  News & Events  Pariners & Sporeor

0 OET READY TO SHAKEOUT!

Tha years Mermators ShaneOut Dwy &
¢ . 1 Register Today

AL 1020 am gocs Sme) on 1020, you can

Jon macra of pecre aCross he word 2 Sproad the Word
PraBong aarOWEAR Mfety Ve we

Y CAN MGAINY pous SNameCUl Br¥ fr arry

Sy o you, and oW i 8 v of your - 3 Hold Your Drill
corferencrg -

ShakeOut Participant
Update Newslotters
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er 2022“Greo‘r §ho Ig_gQuT:‘[_)_[i_llllr

= “‘ =

Great ShakeOut
Earthquake Drills
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forecasting weather is
much easier!
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Which of these is relatively easy to predict or forecast?

© Single Choice ' Multiple Choice

earthquake

volcanic eruption

hurricane
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