Sources of Seismic Waves

Impact

Volcanic

Landslide

Explosion

— Buried or surface
Harmonic Tremor

— Unsteady fluid flow
Continuous Excitation
— Wind, microseism, couple ocean/atmosphere (hum)
Earthquakes

Types of Seismograms

Four Major Types of Seismograms
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Volcanic Tremor

Seismic excitation from unsteady
fluid flow

Courtesy of Peggy Hellweg (BSL)
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* Earthquake location
+ Muclear explosion
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Earthquakes & Explosions
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Yosemite Rock Fall
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Yosemite Rock Fall

Profile of Yosemite Rock Fall
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Velocity

Yosemite Rock Fall

Lr(z) 96.193.015240 (0.55-0.9Hz 6PBP) KCC HH 96.183.015230 (0.55—5Hz BF)
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Kalapana Earthquake??
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Kalapana Earthquake??

Land subsidence of 12 ft

Tsunami runup 47 ft

Two deaths & $4.1 million in damage

Kalapana Earthquake??
November 29 - December 31, 1975
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Kalapana Earthquake??

Geodetic data are consistent with a slump

Kalapana Earthquake??

or a large slump (Figure 8-B2.20 The observed radiation pattern of Love waves
from the event is two-lobed, consistent with the single-force model as shown. From

the strength of the point furce one can estimate the peak acceleration of the shde
block as (L1-1.0 m /s
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FIGURE 8.82.2 Dbservations and interpretatons of the scurce mechansm for the 1875
Kalapana, Hawai event. Observations are shown in (al and (d]. where subhonzontal surtece
ground motons were chserved h of the and the Leve wave
radiation has the cbserved pattem in (d). interpretation of the source o5 a shallow double
couple (b] predcts a four-lobed Love wave raciation (] interpretation #s @ Feacton pont
fores (o) due to land shiding produces @ Love-wove radiaton pattern (f) » better agreement
with the dats (From Eissler and Kanamori. J Geophys Res 92, 4827-4B36, 1887. ©
G by the Union. )
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Kalapana Earthquake??

M Metthes and G, Ekstrdm

Fururmote & T,
Ando Kowvach Kawakatsu this study

cPer

mechanism: st metions first metions CMT analysis CMT analysis
moment: 18220 N-m 1,22k N-m 1.4220 N-m 38220 M-m
100-5 5. W, P, 5 10055 w. 200 -250-5 500, =>200-5 s,

Figure 2. Comparisen of teleseismically determined focal mechanisms for the Ka-
lagrana earthouake. The method By which the lecal mechanisms were determined is
listed 1o the right of the heading “rmechanism®; the scalar morment determined in each
stucdy is listed Lo the right of the heading “moment” The data set used 1o defermine
the moment is alse indicated (e.g., “100-s sw."= 100-sec surface wawves). The focal
machanisms are from (lefi to rightl Ando (19751, Furumoto and Bovach {1579, Ka-
wakitsu {19891, and this study. Ando (1978) used crustal defermation data and surface-
wave radiation patterns to help constiain the focal mechanism he determined from the
P-wave radiation pattem.
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Kalapana Earthquake??

M. Mettles and G. Ekstrom

Lave waves Rayleigh waves

EBCECECECEE R R T ™ 4 R0 ED 103 (0 14 1D 1ED 300 330 2B 283
it rimem

Figure 3. Examples of the fit to Love and Rayleigh waves (vertical component is
shown) achieved in this study. Data seismograms are shown in black and synthetic
selamograms in gray. The synihetic seismograms are offset slightly from the data for
clatity. The distance and azimuth to the sanhguake epicenter are indicated for each
station. “Delay” gives the time of the first sample of sach seismogram with respact o
the origin time of tha eanhquake. The timescala refars to the start time of each record
shawm, The first wave group in each trace has baen labalad,




Kalapana Earthquake??

Leng-Peried Source Characterstics of tha 1975 Kalapana, Hawzil, Earthquakes 437

gHMO {J 125.

WAT a gNMO 65.69
Wt /
gLQ an
GUMD ,”’15"' fud; 3l -
5 1 o

72.0 sec

Figure 4. Results of body-wave analysis of the Kalapana eamhguake. Long-period
data selsmograms are shown as sobid lines: the caloulated synthetic selsmograms are
shown as dashed lines, The wava type or 5) s green balow the name of aach station.
The maximum amplituda {in micrens) for each trace is shown at rght of each seks-
magram, Sho vertical bars show the time window included for each station: where
the bars are missing MAT |, the selsmogram was not included in the inversion. The
arrows show the anival times of th and 5 waves, as explained In the text, Shaded
focal machanism & that determined by invershon of the long-period body waves; the
fecal mechanism shown in outline anly is that from thaaT inversion, The retrieved
source time function is shown at the bottom of the plot, The depth of the earthquake
wars hiedd fiad at 10 kom in this inversion,

Non Volcanic Seismic Tremor & Aseismic
Subduction Slip
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Non Volcanic Seismic Tremor & Aseismic
Subduction Slip
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Non Volcanic Seismic Tremor & Aseismic

Subduction Slip

= e T e T MY AR - - e e o e e e e
b =. M o n A il b WA H -~ |
" t
o I‘I & L | ¢ " y - " I} A f v ; 18:10
. R ) o Ao hH o ool AN - >
-, M - iy N Sl iy L -
: AN 3 AT Do A A
. othpvian L rj;i &y S A e Pk M i v
ks b peale] o ol sy 5 A
i . y prmy s i ‘ ki 1910
! e A A Pl " P A o ——
" ik i Ry ey i wh y el
trn bl bl - A L n a.
i) ) h v Y - Y
Y AR Wl e H e AP} e - #
ik Iy " et ity 20310
el L oy .M Iy N itk AN &
i - o 1 Y i " y
e R A g T '
1 ¥ g » o 2110
el Ak il 4 | L
) il L ikt A AT A s R e o WY Iy
< el e il 4

Gary Rodgers & Herb Dragert, Canadian Pacific Geoscience Center

Non Volcanic Seismic Tremor & Aseismic
Subduction Slip
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Earthquake Mechanism
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Double Principle

P Wave
Couple Axes Radiation Pattern
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2004 Parkfield at PKD

East-West Records at PKD
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The 2007-Lawso

of the Berkeley Seismological L3t

Parkfield 2004 - Lessons from the .

Best-Recorded Earthquake in Hlstory
By Andy Michael, USGS
Geophysicist

Aprul 24, 2007
at4 PM, in
50 Birge Hall

ahtainlrrg Ngh-q.mﬂty rnumgltz;dou to a large earthquake is not easy:
to be in the right pla ght time with the right Inah'wnenut: Such

This lecture is free and oper

SAN ANDREAS
FAULT
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Berkeley Seismological Laboratory — Lawson Lecture
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43 THE DOUBLE-COUPLE SOLUTION IN AN INFINITE HOMOGENEGUS MEDIUM

79
(4.28) is quite straightforward to apply to (4.27), using the two rules
ar " Jv 3i
= —7 amd = =" =3
Gy . Oy r

and the outcome is a displacement field (sec (3.22)) having the nth component
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From Aki & Richards, 1981

(4.29)
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4.3 THE DOUBLE-COUPLE SOLUTION IN AN INFINITE HOMOGENEOUS MEDIUM

79
(4.28) is quite straightforward to apply to (4.27), using the two rules
Gy . Oy r
and the outcome is a displacement field (sec (3.22)) having the nth component
[5?'?1’?‘ -— 3‘!’"'6” - 3}',{‘-' - 3} ‘s"l‘ | il
My * Gppy = ( L N A P‘JL ™t — 1) dr
Ginipla = 7uOpa = JrOna — Vadup) | ( *‘)
L sl il
" ( dnpa’ r Mo x,
I e R o 3?«"-») Mo (1= 7)
dnpf* o B
4 Teeie o (, " ") From Aki & Richards, 1981
dpur ™ o
Vnilp — Oup b r Lt
i WL el T Wi M - ¥ (4.29)
( drpp? ) o "( ﬂ)
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————

R" = cos Asin §sin? i, sin 24
— €08 A cos 8 sin 2i,, cos ¢
+ sin A sin28(cos® i, — sin? i, sin? ¢)
+ 8in A cos 28 sin 24, sin ¢
RSV = sin A cos 28 cos 2i,, sin ¢

— c0s A cos 8 cos 20, cos ¢

Faull Strke
r;}\ T T = 4 Station + 3 cos Asin 8sin2i,sin2¢
Pa Y(E) F

Faull Plane \ ’ ~sin Asin28sin2i,(1 +sin” )

P‘ 3 3 .
:zzL ’ RS = cos A cos & cos iy, sin &
B : + cos A sin & sin i, cos 24

+ §in A cos 28 cos iy cos ¢

- L sin A sin 28 sin i sin 24,
(8.65)

Up(r,t) = ——R"M|1 - —




Fault normal Auxiliary plane
v

0= /

Auxiliary plane

Fault normal
v

Fault plane

Null axis "B"
FIGURE B.27 Focal mechanisms for an oblique-slip event showing P-wave polarities and

relative amplitudes (left) and S-wave polarizations and amplitudes (right). Plus signs (+)

indicate compressions. The fault and auxiliary planes are shown as well as projections of the
P.T,and B axes. (Modified from Aki and Richards, 1980. Copyright ©1880 by W. H. Freeman
and Co. Reprinted with permission.)
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Up(r,t) = ~—jR”M(r~ -

1 _
Usy(rst) = ———RSM|1 - —

Usy(r,t) =

4.3 THE DOUBLE-COUPLE SOLUTION IN AN INFINITE HOMOGENEOUS MEDIUM

(4.28) is quite straightforward to apply to (4.27), using the two rules

g dy; Vita djy
= = —7 amd — ,
Gy . OCy ¢

and the outcome is a displacement field (sec (3.22)) having the nth component

USalste — 31nOpg — pdmg — 31dup) | [r
MG =( Plide = Hp — tolm — 0 ") 3 J' Mt — 1) dr

4np r Jris
6inipia — 1uOps — Vrdna — Yadup) | ( *‘)
+( dnpu’ ) Mp {1 - x,

ity = Tere = Todw — 21enr) | :
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) L ogui [rllir1f:f ™) d
Y e A , Vi
L2 dap S X

G KPP Dy (; . -'l) b I (; - i] (4.32)
drpa i o dnppt r2 I

1 ep 1 . | s .
+ -AfP-M, (r—’—)-r AFS-M, (:—i).
dnpa’ r o 4 pp? r B

in which the near-field, the intermediate-field P and S, and the far-field P and § have
radiation patterns given, respectively, by

AY = 09sin 20 cos ¢  — 6(cos 26 cos ¢ 6 — cos @ sin ¢ p)
AP = 45sin 20 cos ¢ F — 2(cos 260 cos ¢ H — cos O sin ¢ B)
A’S = —35in 26 cos ¢ F + 3(cos 26 cos ¢ § — cos 8 sin ¢ @) (4.33)
AP =  in20cos¢ i
AfS = c0s 26 cos ¢ & — cos 0 sin ¢ .
These radiation patterns explicitly display a radial component, proportional to sin 20

€05 ¢ T, and a transverse component, proportional to (cos 26 cos ¢ § — cos  sin ¢ $). The
important property brought out by (4.33) is that these are the only two radiation patterns
Needed 16 obtain a complete picture of all the different terms in the displacement field
radiated from a shear dislocation (double couple). Figure 4.5 shows the way in which

Some Examples: Event Location
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What can we estimate from these waveforms?
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Interpretation of FM Mechanisms

& DOWN FIRST=MOTION (DILATATION)
+ UP FIAST-MOTION (GOMPAESSION)

BOLDFAGE INDIGATES TAKE-OFF
ANGLE > 90 DEGREES M=DOWN)

2 NUMBEAS NEXT TO FAULT PLANE
INDIGATE STAIKE. DIF, AND RAKE

P& T amm
GONFIDENGE AANGE
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