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Magnitude and energy

Reading: Ch 8

Earthquakes in your backyard. Vinat's with the wiggles?

Location Date UTC Magnitude Coordinates
1. chile 1960 05 22 95 38245 73.05W
2. Prince William Sound, Alaska 1964 03 28 9.2 61.02N 147.65W
3. Andreanof Islands, Alaska 1957 03 09 9.1 51.56 N 175.39 W
4. Kamchatka 1952 11 04 9.0 52.76 N 160.06 E
5. Qff the West Coast of 2004 12 26 540 o3 330N 95.78 E
6. Off the Coast of Ecuador 1906 01 31 88 10N 815W
7. Rat Islands, Alaska 196502 04 87 5121N 17850 €
8. Assam - Tibet 1950 08 15 86 285N 9%5E
9. Kamchatka 192302 03 85 540N 161.0E
10. Banda Sea, Indonesia 193802 01 85 5055 13162
11. Kuril Islands 1963 10 13 85 449N 1496 E
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strongest shaking & weakest soils

least shaking & hard rock
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Richter magnitude

Intensity

- varies spatially for a given earthquake

« subjective measure — depends on types of buildings
- need a measure of the “size” of an earthquake

Magnitude
« single number for an earthquake

- initially, a measure of the amplitude of ground shaking with
respect to a reference event:

Richter magnitude: magnitude is log,, of the maximum
amplitude recorded on a Wood-Anderson seismometer at
100 km from the epicenter
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Richter magnitude

AMPLTUDE Z3mm

Torsion seismometer

« Frame twists around inertial
mass (C)

= Light beam reflected off
mirror “writes” on
photographic paper
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Richter magnitude

1. Measure S-P
time. Provides
distance

2. Measure

in
mm on Wood-
Anderson
seismometer

3.Draw line
between the
two points to
obtain
magnitude

DISTANCE
o)

MAGNITUDE
SPTIME ()

e
Earthquakes in your backyard. Vinat's with the wiggles?

Richter magnitude

How much
smaller would
the amplitude be
if the earthquake
was 1 mag unit
smaller?

= factor of 10

2.3mm

01

o AMPLITUDE
MAGNITUDE (mm)
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Richter magnitude

How much closer
‘would you need —
to be to get an
amplitude of 23
mm for a
magnitude 4
earthquake?

[T

= move from 210
km to 50 km

50 km

o AMPLITUOE
DISTAN MAGNITUDE e
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Richter magnitude

Use different instruments and a distance correction factor:
M, = log A - (Distance correction factor)
M, =log A—2.48 + 2.76 log A

Obtain a
magnitude
estimate from
every station
waveform

=» calculate average from all station for the final magnitude
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Other magnitude scales

Body wave magnitude: m,

Measured from P-wave amplitude of
any waveform around the world

m, =logA—log T + 0.01A +5.9

Alaskan earthquake recorded at Orville (see Bolt Appendix G)
P-wave: A=14x10°m T=12sec A=28°
m, =0.15-1.08 + 0.28 +5.9 =5.3
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Other magnitude scales

Surface wave magnitude: M,

Measured from surface-wave
amplitude of any waveform
around the world

M, =log A + 1.66 log A +2.0

Alaskan earthquake recorded at Orville (see Bolt appendix G)
P-wave: A=14x10°m T=12sec A=28°
m,=0.15-1.08 +0.28 +5.9=5.3

Rayleigh wave: A = 4.3 x 10-6 m
My =0.63 +2.40 +2.0 =5.0

Are you surprised the magnitude estimates are different?
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Magnitude as a discriminator

M, and m,, estimates are usually different for a given earthquake

= m, measures the amplitude of the P-wave
* M, measures the amplitude of the surface wave

Nuclear explosions
= Do not excite surface waves very well earthquakes

= Use m, vs. M, to discriminate

How else can we discriminate?
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Magnitude-frequency relation

Gutenburg-Richter relation:
logN =a—bM

Global average for b is ~1

> There are ten times as many
magnitude 4 as there are magnitude 5

Earthquake Number
magnitude per year
280 01
779 18
669 120
559 800
449 6,200
339 49,000
229 ~350.000
1-19 3,000,000

o
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Magnitude and frequency

Magnitude Energy Release
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Earthquake energy

To measure all the energy released in an earthquake we must integrate
over space and time ...difficult!

We can approximately relate magnitude to energy:

log;o E=11.8 + 1.5 M,
see Bolt Appendix G

« A magnitude 5 earthquake Barthueie - prevere
releases about 30 times as magnande

! pet yeat {10 joule yr—*)
much energy as a magnitude 4 by . o
9 " 00
« Even when you add together 49 i s
the energy release from all the  s5.<9 0o [t
small earthquakes, it is small ;;: ;.: 1
i )
compared to the one big event 229 ~350000 a3
119 3,000,000 ol
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Alaska earthquake at Orville

Rayleigh wave: A = 4.3 x 10-6 m
M, = 0.63 + 2.40 +2.0 = 5.0

Estimate energy:
log, E=11.8 + 1.5 M,
E = 2.0 x 10° ergs

Some comparisons:

« US annual energy consumption: 1025 ergs

< Annual heat flow out of the Earth: 1028 ergs
- Total annual seismic energy: 1025 — 1026 ergs
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Best measure of earthquake “size”

Se | sm | Cc moment a measure of the total mechanical energy

force couple:
moment = FL F

Seismic moment:

- Proportional to size of
the fault times the slip

« Mo = pAD
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Best measure of earthquake “size”

Moment magnitude

related to seismic moment: M, =2logM,—-10.7

2
3

Alaskan earthquake recorded at Orville
M, = 4 x 102 Nm
therefore... M,, = 4.9

remember my = 5.3
M, = 5.0

Fault length scales with Ms
M, =6.10 + 0.70 log L

therefore L = 3 km

also from Bolt Appendix G
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Other earthquakes |

Pakistan Oct 8, 2005

M, 6.7%

M, 7.7

M, 2.9 x 10?7 dyne-cm
M, 7.6

E 2.2x102ergs
L 190 km

*mb is not a good measure for large magnitude earthquake (M > 6)
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Other earthquakes

Pakistan Oct 8, 2005 Loma Prieta Oct 17, 1989

M, 6.7% M, 6.5%

M, 7.7 M, 7.1

M, 2.9 x 10?7 dyne-cm

M, 7.6 M, 6.9

E 2.2 x 102 ergs E 2.8x102ergs

L 190 km L  30km

* mb is not a good measure for large magnitude earthquake (M > 6)
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Other earthquakes

Pakistan Oct 8, 2005 Loma Prieta Oct 17, 1989

M, 6.7%* M, 65%*

M, 77 M, 7.1

M, 2.9x10%" dyne-cm M, 5.4 x 10? dyne-cm
M, 7.6 M, 6.9

E 2.2 x 102 ergs E 2.8 x 102 ergs

L 190 km L 30 km

* mb is not a good measure for large magnitude earthquake (M > 6)
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Sond

Sumatra Dec 26, 2004

M, -*
M, 89
M, 1x103° dyne-cm
M, 9.3

E 1.4 x 1025 ergs
L 1000 km
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