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Locating Earthquakes




How do we measure earthquakes?

Not to scale!

Earthquake

Solar energy
charges the
batteries
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GPS communicates with sat

ellites for location. Computer stores
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When an earthquake occurs, the seismic waves travel through the Earth to the
seismic station where the information is transmitted to distant computers.

A seismograph detects
and records earthquakes

A seismogram is the
earthquake record
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Global Seismic Network

. PACIFIC TSUNAMI
. Seismometers WARNING CENTER

PTWC monitors >800 seismic stations worldwide




Basic (Seismic) Wave Properties
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I or time
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* Wavelength - distance between successive crests of the wave
* Wave period - time 1t takes for the wave to travel one wavelength




Basic Types of Seismic Waves

‘ Body waves ‘ Surface waves

|

Surface waves arrive after the body waves. They have
lower frequency and larger amplitude than body waves.



Basic Types of Seismic Waves

P and S Waves (also called body waves)

Rarefaction Particie Motion

Compressions
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Compressional or P Wave

Travel Direction

Shear or S Wave
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P waves are faster and travel at speeds of 6-14 km/s
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Basic Types of Seismic Waves

Surface Waves
(do not travel through the earth)
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Surface waves travel along
the Earth’s surface at
speeds of ~3/km/sec, much
slower than the body
waves.
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Body Waves

Surface Waves
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Body Waves and Surface Waves
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Surface waves
travel along Earths surface,
and decrease in amplitude

with depth

Body waves

(P and S) radiate in
all directions and
travel inside Earth




Distance of earthquake from seismometer
TRAVEL-TIME GRAPH
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determined from S arrival time - P arrival time



Locating an earthquake...the basics
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1. Determine distance of
EQ from three seismic
stations by calculating the
S minus P arrival times.

2. Plot on the travel-time
graph.

3. Intersection of the
circles gives the location.
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Earthquake Location: T = 0 to 5 minutes
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Earthquake Rupture Complexity

Great Earthquakes (M 2 8)
* Shake for a long time (10s sec to 2-3 minutes)
* Rupture for 100s miles



2004 Sumatra earthquake K&

Haskell Line Source
Dislocation Source

Rupture -—>

0 300 km

Energy Release imaged by Japan HINET Array



Earthquake Magnitude
& Energy

M7, Papua New Guinea earthquake




Earthquake Magnitude

Myth-conceptions VS.

Earthquake Intensity

Fixed value vs. variable

Dispelling myths,
misconceptions, &
misunderstandings
about Earth science
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&—bedrock motion

Ground-Shaking Amplification

Seismic waves are amplified as they pass from bedrock

into basins filled with sedimentary rock.



Site Effects Related to soils and topography

M7.1 Pedro Bay Earthquake (animation by Carl Tape)




Measuring Earthquake size

* Historical — Used macroseismic information
» Fatalities
* Maximum shaking
 Area of intense shaking

* Did not correlate well from one quake to the
next because damage depended on
* "True” size (i.e., magnitude)
Distance from the epicenter
Building design
Surface material (rock or dirt) beneath buildings
Proximity to populated regions
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CiiM People’s . . : .
. p Furnishings BuiltE
Intensity Reaction g uilt Environment Natural Environment
Not felt Changes in level and clarity of well
water are occasionally associated
I with great earthquakes at dis-
tances beyond which the earth-
quakes felt by people.
Felt by a few. Delicately suspended
I objects may swing.
Felt by several; Hanging objects may swing
m vibration like pass- | appreciably.
ing of truck.
Felt by many; sen- | Dishes rattle. Walls creak; window rattle.
v sation like heavy
body striking
building.
| Felt by nearly all; | Pictures swing out of place; | A few instances of cracked plaster and cracked Trees and bushes shaken
v frightens a few. small objects move; a few windows with the community. noticeably.
objects fall from shelves
within the community.
Frightens many; Many objects fall from A few instances of fallen plaster, broken windows, Some fall of tree limbs and tops,
Vi people move shelves. and damaged chimneys within the community. isolated rockfalls and landslides,
unsteadily. and isolated liquefaction.
Frightens most; Heavy furniture overturned. |Damage negligible in buildings of good design and Tree damage, rockfalls, landslides,
Wi some |ose balance. construction, but considerable in some poorly built and liquefaction are more severe

or badly designed structures; weak chimneys

broken at roof line, fall of unbraced parapets.

and widespread wiht increasing

intensity.




Macroseismic Intensity Map USGS
ShakeMap: offshore Bio-Bio, Chile

Feb 27, 2010 06:34:11 UTC M8.8 S36.12 W72 .90 Depth: 22.9km
ID-0official20100227063411530_30
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Macroseismic Intensity Map USGS
ShakeMap: 25 km ENE of Nurdagi, Gaziantep, TR
Feb 06, 2023 01:17:34 UTC M7.8 N37.23 E37.01 Depth: 10.0km 1D:us6000jliz

N b
44°N
- ' ISl
eVladikavka
42°N
ilisi| €
tan
- s a
- 1] ~
40°N
T 3
Lx X - ,
~ - '_7‘- >, : S i .
38°N s ny > jDIyart S
SR P ' e
P ey ),
36°N T N ——
‘ v L -
QH - (3 -: \ .
"#'$"%&'()&* s
+,+5%) , 6/.$708'(9 ER
’ ! .
SHAKING |Not felt] Weak | Light | Moderate | Strong |Very strong Severe Violent | Extreme
DAMAGE | None | None | None |Very light] Light Moderate |Moderate/heavy | Heavy |Very heavy
PGA(%g) |<0.0464 0.297| 2.76 6.2 115 215 401 74.7 >139
PGV(cm/s) |<0.0219 0.135| 141 465 9.64 20 41 4 85.8 >178
INTENSITY I -1 v v vi il I ~ AN
Scale based on Worden et al. (2012) Version 1: Processed 2020-06-03T04:52:56Z | / |
A Seismic Instrument o Reported Intensity v Epicenter [ Rupture E 42°F



"#$%8."()*+",-.$')

#(:(8&1%;<8=>
"#'$%&'()*+","-"./0+","1"

/ \ \ Correction for depth

Amplitude Period and distance

/Regional scaling factor

Attenuation Curves(Atkinson an d Boore, 1 997)

PGA(%g)
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How do we overcome this problem?
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Types of Magnitude Scales

Period Range

M ocal magnitude (California) regional S & surface waves 0.1-1 sec
M, JMA (Japan Meteorol. Agency) regional S & surface waves 5-10 sec
mg Body wave magnitude teleseismic P waves 1-5 sec
Mo, Surface wave magnitude teleseismic surface waves 20 sec

The methods below overcome the effects of saturation:

Mwp P-wave moment magnitude teleseismic P waves 10-60 sec
MgmemiVioment magnitude teleseismic surface waves > 200 sec
M. Mantle magnitude teleseismic surface waves > 200 sec
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Understanding moment magnitude
...or what bumped the Richter scale?
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Auto Mwp Measurement

MWP ALL 6.69 (266)
RA 0.75 SD 0.20

NUMBER OF MWPs 294

NUMBER OF TRACES 0

| | Write MWP ALL

MB | Mwp |
Write Mwp LP || Write Mwp All
Mwp Distribution

LP: 6.73 (27) SD: 0.23
51 ALL: 6.68 (188) SD: 0.20

15 30

MW  Left click -> VIEW Double Middle click -> Examine Do)

Frequency

640 660 680 7.00
Mwp

7.20

740

7.60
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- ML - local magnitude, HI/PR/USVI (2<M<6)

* mb - body wave magnitude, largest P-waves
(4<M<6.5)

 Mm - mantle wave magnitude, 50-400s
surface waves (M>6)

 Mwp — estimate of moment magnitude from
integrated P-waves (5<M<8)

- W-phase - long-period phase, gives stable
results, does not saturate, but takes ~20-25
minutes (M>5)
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* Measurements are not precise.
Different magnitudes result from using different
scales/methods and datasets.

 Many methods saturate for large earthquakes
- Mo — EQ energy — "true” EQ size but takes time

* TWC’s rely on Mwp for preliminary message
products, method can still underestimate
great earthquake sizes.

- WCMT provides fault geometry and authoritative
estimate of Mw but takes time (~15-25 minutes)
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