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Paleoseismology;

How to know historical earthquakes? 

⚫ Old documents and records

⚫ Archaeological study about remaining ruins  

⚫ Traces of Fault Activity Left in the Terrain

→Remote sensing etc.

⚫ Trench or road-cut survey and Optically Stimulated 
Luminescence (OSL) dating.

⚫ Etc.



Seismic damage to ancient monuments in 

Chiang Saen (Northern Thailand), Ornthammarath T. 2019

Only religious ancient documents of 

questionable reliability remain.!



Archaeological data



1) Traces of Fault Activity Left in the Terrain

→Remote sensing etc.

2) Trench or road-cut survey and Optically 

Stimulated Luminescence (OSL) dating.

Two scientific methods.



Pailoplee and Charusiri Earth, Planets and Space (2016) 68:98

Chanista Chansom, 2019

Possible Active Faults from 

two scientific surveys



Chanista Chansom, 2019

Chanista Chansom, 2019

Traces of Fault Activity Left in the Terrain



Remote sensing example Chanista Chansom, 2019
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F

→ U cuts F: U is younger than F 

Cross-cutting relationship

Layer X: age X

Layer Y: age Y

Then the earthquake age (F) is between X and Y

The two important principles in Geology

→ Layer X is younger than Layer Y  

Law of super position

X

Y

Chanista Chansom, 2019



Chanista Chansom, 2019



Teraphan Ornthammarath, 2019

Many of historical earthquakes were closely related to the Three Pagoda Fault, the Mae Ping Fault, and the MHSF.

By Chanista Chansom, 2019



Their estimation

Chanista Chansom, 2019



Chanista Chansom, 2019



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:

T [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 Seismic Moment

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

M₀ = μAD
       

Where: M0 = seismic moment [N·m]  

  μ = rigidity of rocks ≈ 3x1010 [Pa] 

A = rupture area of the fault (length × depth) 

D = average slip per earthquake

Step 3: Moment Magnitude

𝑴𝒘 =
2

3
log 10 𝑴𝟎 − 6.06



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

𝑨 = 𝑳 ×𝑾

So we can get M₀ = μAD
And finally

𝑴𝒘 =
2

3
log 10 𝑴𝟎 − 6.06

Method 2: Empirical Scaling Laws: Wells & Coppersmith (1994)

Log D= 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 = 1 mm/y
Recurrence interval: T = 1,000 years
Fault length: L = 50 km
Seismogenic depth: W = 15 km
Rigidity: μ = 3 × 10¹⁰ Pa



Calculation
Step 1: Slip per Earthquake

D = v × T = (1 × 10⁻³ m/yr) × (1,000 yr) 

D = 1.0 m

Step 2: Rupture Area

A = L ×W = (50,000 m) × (15,000 m)

A = 7.5 × 10⁸ m²

Step 3: Seismic Moment

M₀ = μAD

M₀ = (3 × 10¹⁰) × (7.5 × 10⁸) × (1.0)

M₀ ≈ 2.3 × 10¹⁹ N·m

Step 4: Moment Magnitude

Mw = (2/3) log₁₀(M₀) − 6.06

Mw ≈ 6.8



From the Statistics; my idea!

⚫ Statistics are sometimes boring!

⚫ But it is essential in seismology

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

⚫ There are two famous empirical laws



Two Empirical Laws in Seismology

⚫ G-R Law (Gutenberg-Richter’s Law)

⚫ Omori Law: Exponential Decay of After-shocks
G R

https://www.lindahall.org/about/news/scientist-of-the-day/charles-richter/

O

Okamoto,1999



The Gutenberg-Richter's Law 

⚫ Earthquake-size: Magnitude(Size)

⚫ Number of earthquakes (Frequency)

⚫ The most important statistical Law in Seismology



I always use this graph as a teaching tool. My students plot 

this graph in my geoscience class.

But never supposed more big one would come soon after!!

The 2011 Tohoku-Oki Earthquake!!

40-years

40-years -> 400 years

What happen?



Soturon
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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. 

⚫ So, I hope some students will challenge to study this 
area.  

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