Lecture Part 3

Earthquakes around
Northern Thailand

Past — Present - Future



Pailoplee and Charusiri Earth, Planets and Space (2016) 68:98
DOl 10.1186/540623-016-0465-6

FULL PAPER

Seismic hazards in The
a compilation and up
analysis

Abstract

A probabilistic selsmic hazard analysis (PSHA) for Thai
This PSHA was based upon (1) the most up-to-date p
(3) the seismicity parameters (a and b values), and (4)
as being suitable models for Thailand. For the PSHA n
ance (POE) were analyzed and mapped using various
were demonstrated for ten major provinces within Tr
0.1-04 g and 0.1-0.2 g ground shaking, respectively,

earthquake-prone region evaluated in Thailand. Ina ¢
Thailand, the Kanchanaburi and Tak provinces had co
tion plans for these areas should be made. Although

PSHA, a further study of seismic wave amplification d
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Figure 1. Map of mainland SE Asia showing the distributions of the earthquakes with a My, of
> 5.0 from the IRIS earthquake catalogue. The inland fault traces are interpreted
from NOAA-11 satellite image, including fault traces data in the Andaman Sea from
Hutchison (1989) and Curray (2005). The triangular symbols represent the location
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Figure 2. Map of Thailand showing the 17 major active fault zones, active fault class, and the
five Seismically Active Belts (SABs), including the slip rate (mm/yr) of each
individual fault segment.
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Paleoseismology;
How to know historical earthquakes?

.- Old .documents.and-records

o .Archaeological study.about.remaining ruins
« Traces of Fault Activity Left in the Terrain
—Remote sensing etc.

“‘\G p

« ITrench or road-cut survey and Optlcally %‘tj@wkg{ed
Luminescence (OSL) dating.



Table 1. Historical and instrumental earthquakes reported in Chiang Saen since 624 B.C. with observed intensities. Table 3. Recorded ground motion from Mw 6.1, 5 May 2014 Mae Lao earthquake with their National Earthquake Hazards n
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Figure 4. (a) The early photograph of Chedi Luang in 1957 (DOFA, 1979). (b) The schematic cross-section of Chedi Luang with Figure 5. (a) Chedi Pasak before 2011 earthquake. (b) The schematic plot of Chedi Pasak in different layers. (c) Observed wide
reinstalled top spire in 2012. (c) The collapse of the 7-m spire due to the Mw 6.8 Tarlay earthquake in 2011, Its size is comparable cracks at the lower top part. (d) Tilt could be clearly seen at the top spire following the 2011 earthquake in Myanmar located at
to a person next to the toppled spire. A steel pipe could be clearly seen. (Online version in colour.) 50 km to Chiang Saen. (Online version in colour.)



Two scientific methods.

1) Traces of Fault Activity Left in the Terrain
—Remote sensing eftc.

2) Trench or road-cut survey and Optically
Stimulated Luminescence (OSL) dating.
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Figure 17 Detail interpreted map from ALOS DEM at Ban Pha Bong show offset stream of Sa Mad river is about 7.9 km. from right

lateral strike-slip fault movement. Location shows in Figure 168B.
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Chanista Chansom, 2019

The two important principles in Geology
Law of super position
— Layer X is younger than Layer Y

Cross-cutting relationship
— U cuts F: U is younger than F

the earthquake age (F) is between X and Y

U Layer X: age X
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Figure 31 Road cut outcrop section and wall log section on the north wall at Doi Wiang Luang

showing sediment stratigraphy, fault orientation and sample location for dating. Location shows

in Figure 26A.
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Figure 35 Paleoearthquake trench section and wall log section on the north wall at Ban Khun Yuam showing sediment

stratigraphy, fault orientation and sample location for dating. Location shows in Figure 26A.
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Figure1. Chiang Saenand its surrounding seismicity from earthquakes greater than 5.0 since 1902. The red lines represent active
faults from the Department of Mineral Resources (DMR) (http://www.dmr.go.th/main.php?filename=fault_en). The blue and
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Many of historical earthquakes were closely related to the Three Pagoda Fault, the Mae Ping Fault, and the MHSF.
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Fault segments
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Can We Estimate the Maximum Earthquake Magnitude from
Fault Slip Rate and Recurrence Time?

1. The Scientific Question

In active fault studies, especially using geomorphology and trench
investigations, we often obtain:
Slip rate of a fault:
v [mm/y]
Average recurrence interval of large earthquakes:

I [years]
A natural question is: If we know v and T, can we calculate the

maximum earthquake magnitude M?
This question is fundamental in seismic hazard assessment.



Step 2: Earthquake Size Is Measured by

Earthquake magnitude is not defined directly by slip, but by seismic moment.

:IJD

Where: M, = seismic moment [N-m]
M = rigidity of rocks = 3x1070 [Pa]
A = rupture area of the fault (length x depth)
D = average slip per earthquake

Step 3: Moment Magnitude

2
Mw=§log10( )_606




How Scientists Estimate Maximum

Magnitude in Practice

Method 1: Fault Geometry Approach
Fault length L
Seismogenic depth W (typically 10-15 km)
Then rupture Area
=LXW

So we can get = uAD
And finally

2
MW=§log10( )_606

Method 2: Empirical Scaling Laws: Wells & Coppersmith (1994)
LogD=a+bM
D = average slip per earthquake (D = vT)



Appendix: Numerical Example (Northern
Thailand Case Study)

Applying the Method to a Northern Thailand
Typical Fault

Slip rate: v=1mmly
Recurrence interval: T = 1,000 years
Fault length: L =50 km
Seismogenic depth: W= 15 km
Rigidity: u=3x 10" Pa



Calculation

Step 1: Slip per Earthquake
D=vxT=(1x10"m/yr) x (1,000 yr)
D=10m

Step 2: Rupture Area

=L x W= (50,000 m) x (15,000 m)

Step 3: Seismic Moment
= U D
= (3 x 10") x (7.5 x 108) x (1.0)
= N-m
Step 4: Moment Magnitude
Mw = (2/3) log1¢(M,) — 6.06
Mw = 6.8



From the Statistics; my idea!

o Statistics are sometimes boring!
« But it is essential in seismology

« With the help of Santi Pailoplee and Punya
Charusiri (2016) suggestion, | will try to use the
statistics to estimate the maximum magnitude in
northern Thailand.

« There are two famous empirical laws



« G-R Law

« Omori Law
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The Gutenberg-Richter's Law

« Earthquake-size: Magnitude(Size)
« Number of earthquakes (Frequency)

« The most important statistical Law in Seismology
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1961-20114 Magnitude Distribution (JMA,ANSS Data)
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Conclusion

. In Thailand, especially in Northern Thailand, the potential
for big future earthquakes is not so small.

. However, the day of these events can not be forecasted
at our present scientific level.

. Also, the Paleo Seismology has just kicked off in
Thailand.

. S0, | hope some students will challenge to study this
area.

. Also, | hope the next event will not cause heavy damage
in your country.
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Question and Answer Time!
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