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Faults and earthquakes

Seismotectonics



Faults and earthquakes



What can be learned from P wave

Angular behavior of P wave: Focal mechanism,
fault is one of two possible
planes

Area under the P wave
(after correcting for distance & focal mechasm):
Moment = slip x area x rigidity

Duration of the P wave: Duration of rupture
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Moment of a very large earthquake

Rigidity x slip x length x width
3x101%pa 1m 10°m 10°m
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Moment of a very large earthquake

Rigidity x slip x length x width

3 x 101 pa @ 105m

ical ratio 1:10°
3 x 10%Y pa m? ’

N o
zm
m

My =3 x10°° Nm (annoyingly big number)



M, =3 X 102° N m

M = (loglO MO — 905)/15
M=7.6 Moment magnitude

or colloquially, the magnitude of the earthquake



Tiny earthquake
1 millimeter of slip
on a fault 100 m long
magnitude 1.5



Moderate earthquake
1 meter of slip

on a fault 10 km long
magnitude 4.8



Huge earthquake
100 m of slip
on a fault 1000 km long
magnitude 9.7



Earthquake: Releases shear stress near the fault
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no slip, stress

plate tectonic motion
G

—
plate tectonic motion



slip, reduced stress

plate tectonic motion
G

—
plate tectonic motion



(roughly)

drop in strain: s/L

drop in shear stress: us/L




(roughly)

drop in shear stress: us/L

M, ~ usLW =~ usL?* (if L =~ W)
L=T/V;




(roughly)

M

drop in shear stress: us/L
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L=T/V




(roughly)
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drop in shear stress: us/L
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(roughly)

drop in shear stress: us/L
HS My Mo

L (T/V)3  (T/B)3

(it V. = f)




(roughly)
drop in shear stress can be measured seismologically
Mo
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Another interesting tidbit

earthquake is releasing stress from plate tectonic motion that has
already happened



and GPS measusrements show that plate tectonic motions
(away from the plate edges)

are occurring at a near-constant rate



Mean Recurrence Time of Earthquakes
typical slip for the fault in question
divided by

rate of plate motion



Walker Lane - northern San Andreas Fault (SAF)

Basin and Range ) o
| North-American Pacific 52 mm/yr
but some accommodated east of SAF

about 33 for SAF

1906 Magntude 7.7 earthquake

= . o
X, 2 maximum slip 9.7 m
> Flain Eastern .
N Exfbobria but average is less, say 5 m

Shear Zone (: 5000 mm)

Pacific Plate

52-53 mm/year .
Recurrence time
’),' '

200 km %, San\acinto 5000/33 = 151 years
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Seismotectonics



subduction zones
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Plate Boundary

earthquakes

up to
Magnitude 9.5
(so far)

700
0 1000



Interplate Seismicity Since
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Intermediate
depth earthquakes

up to
Magnitude 8
(so far)

P or T axes parallel
to dip

0 1000

700



deep earthquakes

up to
Magnitude 7
(so far)

P or T axes parallel
to dip

700
0 1000
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Deformation

in overriding plate

up to 8 or so
often high-angle
thrust

700
0 1000



Development of

microplate
up to 8 or so

strike slip

700
0 1000



accommodates oblique
subduction (strain partitioning)

Strike Slip Faulting or Shear Zone




700

bending faults

up to /7 or so

normal
T axis perpendicular
to trench




oceanic ridge - transform



Charlie Gibbs To7:r

Fracture Zone
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continental transform



Caﬁj%mia’s
San Andreas Fault

San Andreas Fault
™™

Map copyright © 2006 David K. Lynch
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38°30°

San Andreas Fault

strike slip

Faults
e = 1 WightWay

2 Collayami

3 Mysterious Ridge
4 Bennett Valley

5 West Napa

6 Trout Creek

7 Point Reyes

8 Gordon Valley

9 Midland

10 Franklin

11 Southampton

12 Los Medanos-Roe Island
13 Pittsburg-Kirby Hills

14 Clayton

15 Mt Diablo North

16 Mt Diablo South

17 Pilarcitos

18 Las Positas

19 Orestimba

20 Monte Vista-Shannon

21 Silver Creek

22 Ortigalita North

23 Ortigalita South - =
24 Sargent PACIELC

25 Zayante-Vergeles — 4
26 Sa¥1 Joaquin OCEAN ;
27 Reliz

371" 28 Quien Sabe

29 Monterey Bay-Tularcitos

30 Mission

31 Butanu 0 10 20 MILES
32 Dunnigan Hills 0 10 20KILOMETERS

" eqs up to about magnitude 8

37930 =




[RoN -IeEXfBode a
Badegaﬁﬁayf“ 25
Grs &y

e

Ry

Dillon Beach

% - | ) flﬂ*ﬂ’f"p’ %
T L e ] s (1 4
AT PR b gj(aggs foHﬂdN&V& 4 ; Ao
(i 248 R My | il ~ Communication AE
 Station

>

Richmond
i El C'E'r?"lti

Albar
B Be

nal \l \
Rec -- Emen

Area : P 80
!,_i_ Oa

San Franmsce gar
St T

Terrain J 3

View topography and elevation




38°30°

2

38

37930 =

37°

Faults
1 WightWay
2 Collayami
3 Mysterious Ridge
4 Bennett Valley \
5 West Napa 4
6 Trout Creek
7 Point Reyes
8 Gordon Valley
9 Midland
10 Franklin
11 Southampton
12 Los Medanos-Roe Island
13 Pittsburg-Kirby Hills
14 Clayton
15 Mt Diablo North
16 Mt Diablo South
17 Pilarcitos
18 Las Positas
19 Orestimba
20 Monte Vista-Shannon
21 Silver Creek
22 Ortigalita North
23 Ortigalita South
24 Sargent
25 Zayante-Vergeles
26 San Joaquin
27 Reliz
28 Quien Sabe
29 Monterey Bay-Tularcitos
30 Mission
31 Butano
32 Dunnigan Hills

r2il: [ Gl G e B

OcE AN .

0

0

10

20 MILES

20 KILOMETERS

;
ie
2 =
Sam, 75

-
0=

Frangisj:

R

r Q.
7 N
)
Q

Monterey
Bay

Salinas

. Monterey 2

329) .21‘ % 5k

Hayward Fault

strike slip

eqs up to about magnitude 7









San Simeor

e e i F

Gambn‘aﬂ-. - At

Bay *fSEI LUIS
blsp

Pt m“r
s #_I{- ~ 5‘{‘{} =

(1. -

velano
an

Was%t;*

aiFae

' anta BarD:

j" ns erse Ral

Terrain

View topography and elevation

.

Bogon
Edwargs AFB

'll‘

h‘ngeles San Bernardlnoo :
il -
@-¢ _ ers!dau ‘\"'J.Natlon




thrusting normal faulting

N

pull-apart basin



Terraced
basin
sidewalls

31030'N

Red Sea PDZ [ Basin limit

[ salt

20 km

Arabian Plate
motion
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The 1927 Jericho earthquake was a 1927 Jericho earthquake M=6.3
devastating event that shook P

Mandatory Palestine and Transjordan « -,-w{»gr
on July 11 at 15:04 local time. The _4_, {ﬂ
epicenter of the earthquake was in the :j; _,,“h} v
northern area of the Dead Sea. The | T'bmsf ;«ﬁ%
cities of Jerusalem, Jericho, Ramle, }‘ E
Tiberias, and Nablus were heavily

Nablusg
damaged and at least 287 were | 2N
estimated to have been Killed. ' } -

Earthquake [edit]

Vered and Striem (1977) located the __ | f?
earthquake epicenter to be near the m |
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