Case Study 1:
2014 Chiang Rai Sequence



Overview

 Mw 6.1 earthquake
on 5 May 2014 at
11:08:43 UTC

» Largest recorded
earthquake In
Thailand




Fault Orientation

 How does the orientation of the fault affect
the displacements and stresses?

 First-order problem is constraining fault
orientation



Fault Orientation

(338,85,178)

" (68, 88, 5)

P -
Standard seismological analysis assumes a point
source: inherent fault plane ambiguity



Fault Orientation

(338,85,178)

\_ (68, 88, 5)

North-South Right Lateral?



Fault Orientation

(338,85178)

East-West Left Lateral?



Fault Orientation

* Preferred constraint: surface rupture






Fault Orientation

* Preferred constraint: surface rupture

Most earthquakes Mw 6.5 and smaller
do not generate surface ruptures.



Fault Orientation

 (Geodetic observations
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Fault Orientation

» Exercise: compare the expected surface
deformation field for both possible fault
planes of the 2014 Mw 6.1 Chiang Rai

earthquake.

« Where would we need geodetic
observations to distinguish the fault
planes?



Fault Orientation

* Regional moment tensor solution

Location: 99.683°E, 19.703°N, 7.5 km deep
Magnitude: 6.1

Right lateral kinematics: strike=157, dip=88,
rake=177

Left lateral kinematics: strike=247, dip=87, rake=2



Magnitude to Fault Size

* We usually know the of the
earthquake, and have to estimate the
of the earthquake for use
with O92UTIL

 Typically, both slip and fault area increase
systematically with magnitude



I\/Iagnltude to Fault Size
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I\/Iagnltude to Fault Size
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Magnitude to Fault Size

« O92UTIL implements several different
empirical relations, allowing the user to put
magnitude in the input fault file instead of
fault slip and dimensions




Magnitude to Fault Size

* Input fault file (fault.dat)

Note: this is not the Chiang Rai earthquake!

-70.92 -19.94 12 284 26 54 6.7

VAN BN

Lon Lat Dep Strike Dip Rake Mag

\ J
|

Same as previous input format




Magnitude to Fault Size

* Input fault file (fault.dat)

Note: this is not the Chiang Rai earthquake!

-70.92 -19.94 12 284 26 54 6.7

AN BN

Lon Lat Dep Strike Dip Rake Mag

Event magnitude is converted to

dimensions using empirical relations,
and slip is computed using the shear
modulus defined in the half-space file.



Magnitude to Fault Size

o092util -mag fault.dat -sta station.dat....

(instead of 092util -flt fault.dat...)

Empirical relations can be
defined using command
line option -empirical



Fault Orientation

* Regional moment tensor solution

Location: 99.683°E, 19.703°N, 7.5 km deep
Magnitude: 6.1

Right lateral kinematics: strike=157, dip=88,
rake=177

Left lateral kinematics: strike=247, dip=87, rake=2



20.0° 7= ‘
E€44Abvvvvvvvvvvvvvbi

19.6°

198° ARRRRR ¢ Qv é

Fault Orientation

| ]
V-V VvV VvV VVVVVVV?PY

T<4LPYYYYPRLPRLLLERR B R BRI
T9<44LPVYYVYPRLLLLLDB BB b
FYyvS4Lkp

Yyveeepp bbb

\AAAA

'VVVV<SLby
'VVVVVévvgﬂﬂ‘g‘g

2
BB

gy

¥y
S Y A1 :
S ﬁpvvﬂdAAAAAA:
S EYYVYVYVYVYVY Y
AADAADDADLALLS
AADDADD DA DSBS
SISO DLDL DA
e AAAADAD DS S
AMMNANAAAAAAD BB
ANANNAAAALADD S
PAAAAAAAAAAADS
A AAAAAAAAAAADS
AGPAAAAAAAAAAAS
QAAqw b AAAAAAAAAAS
AA4g>A 2228808844

W 4

vdd

SRAEE X N8

B 12

Adyp

DN

744
AAAAAALS 44
AAAAAAADg D
AAAAAAALTY A
A A AAANAAD T
*ﬂ$$§@g@$g
B D D Dpersiind
A D D hpededsahD

\AAAAADY

99.6° 99.8°

North-South Right Lateral

100.0°

20.0° ‘

|
vV VvV VvV VVVVVVVVVVY

<
I<<44ALPYYYYYRPRPRPRPRERRRR] —D
yY<4LPPYYYYRLPRLRLPRLPERRRERE 0.05m
A AR ENd A4 A a S S A e G
. bbb
[
[

19.8°

19.6°

INYYYVYY VY
'NYYYNVYV YV
DDPDADB DDA DSBS
NYYVVY Y'Y

T DASNRAIIDAD B DD D B 3
gvﬁmwmm$ﬁﬁAAAA;:
ﬁvbﬁﬁﬁﬁﬁﬂﬁAAAAA.
IPAAAAAAAAAAADS
Ady BAAAAAAAAAADS

QAdg>AAAAAAAAAAALS
QA4 DAAAAAAAAALANS
Q449> 228800808404

99.8°

East-West Left Lateral

100.0°



Fault Orientation
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Fault Orientation

20.0°

: Yy v
vy Y —
¢ leferenCe \Y\Y‘?;‘;f’vz:ypg ) 0.05 m
Yvvvwvrbka
between output PEE avvvveal B, 44
PRA AV VVVA
CEDMART s PAALATT
reSUItS ¥ > DMA> AVAANAL GG 47

AYVVYDLg
¥ > > AY PAAG GG T 7
Syvepat S VV eoraqur7 >

° Ay Vv 4 =
» Greater than ~1 198 g3gyrrazi v 4raavrry
V%Aqg;vdxyA‘Yﬂv?>Z4VV&>bAA

AV VhGpypalddvVvbrorcassy

fault length, savrieavraliduvissaceas

: S5b>yqa vhLasdddgddd<s
there is no 5&

794 DTTS APPYYTSSST

EP YN~ < bVvdaAAD

detectable 4TS i v, T Avesak I APTY §

- D PUNN AN AR YV S i
difference 190 B brvu, I45 T vessaas”

NS /2 T4 XY VISSAAAAN
VaAADDS
PPVPVIA, 44 pwaVIIS88484

22’42\ TIgdd4
WWM‘??JLAA&V RPNV

99.6° 99.8° 100.0°




Fault Orientation

* Input fault file

Right lateral:
99.683 19.703 7.5 157 88 177 6.1

Left lateral:
99.683 19.703 7.5 247 87 2 6.1



Fault Orientation

* Input receiver file

grid -x 99.5 100 -dx 0.02 -y 19.5 20
-dy 0.02 -z 0.0 -o station.dat



Fault Orientation

* Input half-space file

Lame 3.5el0 3.5el0



Fault Orientation

* Bonus exercise: model the expected
INSAR deformation for the possible fault
planes.

* How would we model the INSAR? We
need a satellite look azimuth (degrees CW
from N) and inclination (degrees from
horizontal)



Fault Orientation
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Fault Orientation

« VEC2LOS

— Takes (ENZ) output file from O92UTIL and
converts to a line-of-sight displacement

vec2los -a AZ -1 INC -f disp.out -o los.out

« WRAPLOS

— Takes output file from VEC2LOS and converts
to predicted phase change

wraplos -w WVLNTH -f los.out -o phase.out



Fault Orientation

» What if the earthquake had been larger?
Could you then use GPS to distinguish
between the fault planes? Compare your
previous modeled displacements to those
from a hypothetical Mw 7.0 earthquake.




Fault Orientation
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Fault Orientation
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Fault Orientation
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Fault Orientation

» Aftershocks aligned along fault plane
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Fault Orientation

» Aftershocks aligned along fault plane

 In Thailand, aftershocks on both planes,
immediately after main shock rupture,
similar to 2010-2011 New Zealand events



Fault Orientation
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Fault Orientation

172°00' 172°12.' 172°24'

+ Sep. 2010 Mw 7.0
earthquake o

* Dominant slip on
east-west segment
(surface rupture)
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Fault Orientation
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Fault Orientation

e June 2011 Mw 6.0

earthquake
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Fault Orientation

e June 2011 Mw 6.0

earthquake

 Aftershocks along
both possible fault
planes
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Fault Orientation

» Take-home message: can be difficult to
constrain fault plane for:

— Earthquakes smaller than Mw ~7.0
— Events occurring under water
— Deep earthquakes



Fault Loading in N. Thailand

 How did the 5 May 2014 main shock (and
largest aftershocks) load the surrounding

region?
* Did these earthquakes make a future
event more likely?
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Fault Loading in N. Thailand

* We can use the tools practiced over the
last two days to address these issues

» To do this, we need the earthquake
parameters from earlier, and possible
target fault orientations

* We will test the effects of both possible
fault planes, as well as variations in target
fault kinematics



Fault Loading in N. Thailand

» Exercise 2a: assume the 5 May Mw 6.1
earthquake occurred on the north-south
plane, and is right lateral strike-slip.
Compute the Coulomb stress change
surrounding the event and identify the
most positively loaded known faults.

* We will supply a file to plot the active faults
In the region




Fault Loading in N. Thailand
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Fault Loading in N. Thailand

- N-S right lateral ;
earthquake
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Fault Loading in N. Thailand

* Exercise 2b: now assume the 5 May Mw
6.1 earthquake occurred on the east-west
plane, and is left lateral strike-slip.
Compute the Coulomb stress change
surrounding the event and identify the
most positively loaded known faults. Does
the choice of fault plane modify your
interpretation of loaded faults?




 E-W left lateral

Fault Loading in N. Thailand
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Fault Loading in N. Thailand
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Fault Loading in N. Thailand
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Fault Loading in N. Thailand

Exercise 2c: The next two largest
earthquakes in the sequence were Mw
5.3. How do these events contribute to the
ACS and loading of nearby faults?

2014/05/06T00:50:16 (99.683°E,19.786°N,13km)
Mw 5.3 NP1: 240/75/-10 NP2: 333/80/-165

2014/05/06T00:58:19 (99.530°E,19.700°N,10km)
Mw 5.3 NP1: 240/75/-10 NP2: 333/80/-165



Fault Loading in N. Thailand
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