
MCMC ╩ ™√ ┘∆═╡ ⸗♦ꜟ ─√╘─ 

ⱪ꜡♩♃▬ⱪⱪ꜡◓ꜝⱶ─  

Development of Prototype Program for Estimation of Fault Parameters and Slip Distributions 

using Markov Chain Monte Carlo Method 

 

☿fi♃ה כ  

Geography and Crustal Dynamics Research Center 

KAWABATA Ryoji and MUNEKANE Hiroshi 

 
  

≢│ ⅝⌂ ╩ ℮ ⅜

⇔√ ⌐ ⅛╠ ─ ⸗♦ꜟ

╛∆═╡ ⸗♦ꜟ─ ╩ ∫≡™╢ ⇔√

⸗♦ꜟ│ ⌐ ⌐ ↕╣╢

╛ ⌐ ↕╣

─ ╛ ⌐ ↕╣╢√╘ ─ ™⸗♦

ꜟ╩ ⌐ ∆╢ ⅜№╢  

⸗♦ꜟ ⌐⅔™≡│ ⌐ Levenberg-

Marquardt⌂≥─ ▬fiⱣכ☺ꜛfi⅜ ™╠

╣╢⅜ Ɽꜝⱷכ♃─ ╛ ─♃כ♦

⅛╠ ─ ⅜ ™ ⅜ ↄ ⌂

╩ ╘╢√╘⌐│⸗♦ꜟ ─ ⅜

≢№╢℮ⅎ ╠╣√ ⅜ ⌂╙─⌂─⅛

≥─ ╩ ∫≡™╢─⅛╩ ∆╢↓≤⅜

≢№∫√ ∕↓≢ ≢│ ⱴꜟ◖ⱨ ⸗

fi♥◌ꜟ꜡ MCMC ╩ ™≡ Ɽꜝⱷכ♃

╩ ⌐ ∆╢√╘─ⱪ꜡♩♃▬ⱪⱪ꜡◓ꜝⱶ

╩ ⇔√  

ⱪ꜡◓ꜝⱶ╩ ™≡ ─ ╠⅛♃כ♦

⸗♦ꜟ╛∆═╡ ⸗♦ꜟ─ ╩ ∫√

16 2004 ─ ⸗

♦ꜟ≢│ ⅜ ⌐ ↕╣√ 20196

18 ─ ≢│ ⌂╢ ─ ⅝╩

≈ ⅜ ⌐ ↕╣√ 23 2011

─ ⸗♦ꜟ≢│

2 ─ ╩ ™≡Ɽꜝⱷכ♃ ╩ ™

╩ ∆╢⸗♦ꜟ╩ ∆╢↓≤⅜≢⅝√ ╕√

∆═╡ ⸗♦ꜟ─ ≢│ 23 2011

⌐⅔↑╢ ╩♃כ♦ ™≡

Ɽ♇♅─∆═╡ ┘ ╠⅛↕─Ɫ▬ⱤכⱤ

ꜝⱷכ♃╩ ⌐ ≢⅝╢↓≤⅜ ↕╣√  

 

1. │∂╘⌐ 

≢│ ⅝⌂ ╩ ℮ ⅜

⇔√ ⌐ ⅛╠ ⸗♦ꜟ╛∆═

╡ ⸗♦ꜟ─ ╩ ∫≡™╢ ⸗♦ꜟ │

╛ ⌐⅔™≡

─ ─ ╩ ℮ ⌐ ⌂ ≢№╢√

╘ ─ ™⸗♦ꜟ╩ ⌐ ∆╢ ⅜№

╢ ⸗♦ꜟⱤꜝⱷכ♃─ ╛ ─

⌐╟╢ ─♃כ♦ ─√╘ ╩

⌐ ∆╢↓≤│ ≢№╢ ⅜ ™  

⌐ ▬fiⱣכ☺ꜛfi╩ ⌐

℮ Ɽꜝⱷכ♃╩ ⌐ ⅎ ∕─Ɽ

ꜝⱷכ♃ ≢ ╩ ∆╢≤≤╙⌐

╩ ↕∑╢√╘ ⅜∕─Ɽꜝⱷכ♃ ⌐

⌂╢╟℮ ╩⅛↑╢ ⅎ┌ Matsuôura and 

Hasegawa 1987 ↓─√╘ ╠╣╢ │⸗♦ꜟ

⅜ ⌐ ⅎ√ ⌐ ↄ ⇔

╩♃כ♦ ∆╢ ⅜ ∆╢ ≢╙ ≈─

⇔⅛ ╠╣⌂™ ╕√ ╠╣╢ │

⌐ ⇔√ ╠╣╢ ≢№╡ Ɽꜝⱷכ

♃⅜≥╣ↄ╠™─ ≢ ↕╣╢─⅛ ⌂

╩ ╢↓≤│≢⅝⌂™ ♅כ◘♪♇ꜞ◓

─╟℮⌐ Ɽꜝⱷכ♃╩ ∆╢ │ ⌐

≤╠╦╣╢↓≤│⌂™⅜ ⅜ ↄ ⌂

≢│ ≢⅝⌂™ ⅜ ™  

∕↓≢ ≢│ ╩♃כ♦ ∆╢

⌂ ╩ ⌐ ⇔ ⸗♦ꜟⱤꜝⱷכ♃⅜≥─

─ ╩ ∫≡™╢─⅛╩ ⌐ ∆╢√

╘ ⱴꜟ◖ⱨ ⸗fi♥◌ꜟ꜡ Markov chain 

Monte Carlo method₈MCMC ₉≤™℮ ╩

™√ ⸗♦ꜟ ┘∆═╡ ⸗♦ꜟ─

ⱪ꜡◓ꜝⱶ╩ ⌐ ⇔√ ⱪ꜡◓ꜝⱶ╩

™ↄ≈⅛─ ⌐ ⇔≡ ⇔√ ⌐≈™≡

∆╢  

 

2.  

2.1 MCMC ⌐╟╢  

2.1.1 ⱬ▬☼  

≢ ⇔√ MCMC ⌐╟╢ │ ⸗♦

ꜟⱤꜝⱷכ♃╩ ≤╖⌂⇔ ⱬ▬☼ ⌐

≠⅝ Ɽꜝⱷכ♃╩ ⌐ ∆╢╙─≢№╢  

ⱬ▬☼─ ⅛╠ №╢ d⅜ ╠╣√

⸗♦ꜟⱤꜝⱷכ♃ ɗ⅜ ╡℮╢ P(ɗ|d)

│  

ὖⱣȿ▀
ὖ▀ȿⱣὖⱣ

ὖ▀
ρ 

≢ ⅎ╠╣╢ ↓↓≢P(d|ɗ)│ P(ɗ)│



P(d)│◄ⱦ♦fi☻≤ ┌╣╢ ɗ⌐ ∆╢

≢№╢  

⌐≈™≡│ ⸗♦ꜟⱤ

ꜝⱷכ♃⌐ ∆╢ ╩ P(ɗ)≤⇔≡

⌂ ≢ ∆╢ ⌐ ⅜⌂↑╣┌ Ɽꜝⱷכ

♃ ─ ™ ≢ ≤ ⅎ╢ ⅎ┌

Montgomery-Brown et al. 2010 

│ ⸗♦ꜟ⅛╠ ↕╣╢ ≤

─ ─ ⅜ ⌐ ℮≤ ∆╢

≤  

ὖ▀ȿⱣ
ρ

ς“ ȿ♅ȿ
                 

Ĭexp
ρ

ς
▀ █Ᵽ ♅ ▀ █Ᵽ ς

 

≢ ⅎ╠╣╢ ⅎ┌Fukuda and Johnson 2008Ito 

et al. 2016↓↓≢ f(ɗ)│⸗♦ꜟ⅛╠ ↕╣√

N│ d─ Ɇ│ ┘⸗

♦ꜟ─ ╩ ∆ ≢№╢ ↓↓≢ ⸗♦

ꜟ─ ╩ ⌐ ∆↓≤│ ⌐ ≢№╢↓

≤⅛╠ ≢│ ─√╘ ─╖╩ ⇔

Ɇ =  diag(ů12, ů22, é, ůN2)≤ ∆╢ Wang et al. 

2012↓↓≢ ůi│ i ─ ─ ╩ ∆  

 

2.1.2 MCMC  

₁⅜ ╡√™╙─│ (1)≢ ↕╣╢

P(ɗ|d)≢№╢⅜ ⌐ ɗ│ ™ ⌐

│100 ─Ɽꜝⱷכ♃≢№╡ ⸗♦ꜟ⌐

⇔≡ ─ ╩∆╢ ╙ ™

╩ ∆╢√╘ ⅎ┌Ɽꜝⱷכ♃╩◓ꜞ♇♪ ⇔

≡ ⌐ ∆╢ ─ ™Ɽꜝⱷכ♃

─ ╙ ≤⌂╡ ⌂ ≢│

≢⅝⌂™ ⅜ ™  

∕↓≢ ╩ ⌐ ∆╢ ≤

⇔≡ ⱴꜟ◖ⱨ ⸗fi♥◌ꜟ꜡ MCMC ╩

⇔√ ↓╣│ ⌐ ℮ ◘fiⱪꜟ

╩ ↕∑╢↓≤≢ ╡√™ ╩

⌐ ╢⸗fi♥◌ꜟ꜡ ─ ≢№╢ ╩

⌐∆╢ ≢│⌂ↄ ⅎ╠╣√ ─ ≢

╩ ⇔℮╢ ─ ╩ ⌐ ╢↓≤⅜≢⅝

╢  

≢│ MCMC ─℮∟ ⌐ ∆╢ⱷ♩

꜡ⱳꜞ☻-Ⱬ▬☻♥▫fi◓☻ ⌐╟∫≡ ─◘fiⱪ

ꜟ╩ ╢ ╩ ⇔√  

1) ─ɗ = ɗ0╩ ╘╢  

2) q(ɗnew|ɗ)⌐ ™⁸ √⌂ ɗnew╩

∆╢  

3) ɗnew╩ ™≡ r╩ ∆╢  

ὶ ÍÉÎρȟ
ὖⱣÎÅ×ȿ▀ήⱣȿⱣÎÅ×
ὖⱣȿ▀ήⱣÎÅ×ȿⱣ

σ 

↓↓≢ r│ ─ ─╖⌐ ⇔

╩ ∆╢ ⅜⌂™↓≤⌐ ↕╣

√™  

4) ⇔√ [0-1]⅜ r╟╡ ↕™ │ ɗ = 

ɗnew╩ ⇔ ∕╣ ≢│ɗ = ɗ0≤∆╢  

5) ⌐ ≠ↄ╟℮ 1) 4)╩ ╡

∆  

↓℮⇔≡ ╠╣√ɗ─◘fiⱪꜟ│ ⌐

⇔√ burn-in ─◘fiⱪꜟ╩

™≡ P(ɗ|d)⌐ ╡⌂ↄ ≠ↄ ╩ ∆ ↓↓≢

q│ №╢ ⌐ ≢⅝⌂™╟℮⌂ ⌂

≢⌂™ ╡ ♪כ◗ꜟ◄ ≥─╟℮⌂ ≢

╙╟™ ╕√ ≤⌂∫√ │ ⌐│

─ɗ0⌐ ⇔⌂™ √∞⇔ ─ ─

√╘⌐│ ⌂q≤ɗ0╩ ∆╢ ⅜№╡ ↓

∟╠│ ─ ⌐ ╢≤↓╤⅜ ⅝™  

⇔√ⱪ꜡◓ꜝⱶ≢│ ≤⇔≡

№╢Ɽꜝⱷכ♃ ≢ ↕╣√t ɜ= 2╩

⇔√ ↓╣│ ─ ⅜●►☻ ⌐ ⇔

≡⅔╡ ⅛≈ ⌐ ≢№╢√╘ Ɽꜝⱷ

♃כ ⌐ ╩ ↑√ ≤⇔≡ ™╛∆™

√╘≢№╢  

 

2.1.3 Ɽꜝ꜠ꜟ♥fiⱤꜞfi◓  

⇔√ⱷ♩꜡ⱳꜞ☻-Ⱬ▬☻♥▫fi◓☻ ⌐╟

∫≡ ╠╣╢ │ ɗ0⌐ ⌐│ ⇔

⌂™⅜ ⌐ ∆╢ɗ─ ⅜ ↄ

Ɽꜝⱷכ♃ ─ ╣√ ⌐Ⱨכ◒⅜

∆╢ ⌂≥≢│ ─ ─ ⅛╠

⅜ ⌐ ⇔≡⇔╕℮ ⅜№╢ ↓╣╩

↑╢√╘ ⱪ꜡◓ꜝⱶ≢│Ɽꜝ꜠ꜟ♥fiⱤꜞfi◓

╩ ⇔√ ⅎ┌ Sambridge 2014 Ɽꜝ꜠ꜟ

♥fiⱤꜞfi◓ │ ⌐ ╩⌂∞╠

⅛⌐⇔√P(ɗ,T) Ӓ P(ɗ|d)1/T T > 1─ ╩ ⇔

─₈ ₉T⌐ ∆╢ ╩ ⇔≡ ⇔⌂

⅜╠ ─◘fiⱪꜟ╩ⱷ♩꜡ⱳꜞ☻-Ⱬ▬☻♥

▫fi◓☻ ⌐╟╢ ⌐ ∫≡ ↕∑╢╙─≢№

╢ ↓╣⌐╟╡ ─ T = 1 ≢│ ≢⅝⌂

⅛∫√Ɽꜝⱷכ♃ ─ ╣√◘fiⱪꜟ⌐╙

∆╢↓≤⅜≢⅝ ╩ ⌐ ∆╢↓≤⅜

⌐⌂╢  

 

2.1.4 ─  

MCMC ≢ ╠╣╢ │ (1)⌐ ℮

◘fiⱪꜟ─ ≢№╢√╘ ⌐ ∆╢↓≤

⅜≢⅝╢ №╢Ɽꜝⱷכ♃⌐ ∆╢ⱥ☻♩◓ꜝⱶ╛

≤≤╙⌐ Ɽꜝⱷכ♃ ─2

ⱥ☻♩◓ꜝⱶ╛ ⌂≥╩ ∆╢↓≤≢

↕╣√Ɽꜝⱷכ♃─ ╛Ɽꜝⱷכ♃ ─

╙ ∆╢↓≤⅜≢⅝╢ 2.1.2≢ ═√≤⅔╡

─◘fiⱪꜟ│ ─ ⅜ ∫≡



™╢√╘ ◘fiⱪꜟ─℮∟ ─10%╩ ⇔√

℮ⅎ≢ ⌂ ╩ ∫√  

╕√ ≤⸗♦ꜟ⅛╠─ ─ ╩

╢ ≤⇔≡ VR(Variance Reduction)╩ 

ὠὙḳρ
▀ █Ᵽ ♅ ▀ █Ᵽ

▀♅ ▀
τ 

≤ ⇔√ Wang et al. 2012↓↓≢ VR│

≤ ⌐ ↕∑╢√╘ ⌐ ∆

╢ ╖╩ ↑≡ ⇔≡⅔╡ ╩ ∆

╢↓≤│ VR╩ 1⌐ ≠↑╢ ↓≤⌐

∆╢  

 

2.2 ⸗♦ꜟ ⸗♦ꜟ  

⸗♦ꜟ─ ≢│ ⅛╠ ╠╣√

╩ ∆╢ ─ ╕⅛⌂ ╛ ╩

∆╢↓≤╩ ≤⇔ ⌐№╢

⌂∆═╡╩ ≈ ╩ ∆╢ Okada 

1985Okada 1992↓─ Ɽꜝⱷכ♃ɗ─

│ ─ 3≈ ─ ⅝↕ 2≈

─ ⅝ 2≈ ⌐ ∫√∆═╡ 2≈

─ 9≈≢№╢ ⌂⅔ ⌐╟╢ ╩ ⌐

∆╢√╘ ─ ⌐ ∂≡ ─

↕╩ ⅎ≡ ⇔≡⅔╡ ↕│ 0╩ ≤

⇔√ ≢№╢  

MCMC ╩ ™√ ⸗♦ꜟ─ ⌐ ∆

╢ ≢│ ─ ⅝ ─Ɽꜝⱷכ♃╩

⇔≡ ⇔≡™╢ ⅜ ™⅜ ⅎ┌Ito et al. 

2016 ה 2018 ≢│ ─ ⅝╩

╘√ Ɽꜝⱷכ♃╩ ⇔≡™╢  

↓↓≢ ─ ╛ ─ ⌐╟╡

─ ⅝↕⅜ ⌐ ╕╠⌂™ ⅜№╢ ↓─

─ ⅝↕⌐ ∆╢ ≤⇔≡ ─

≤ ⌐ ∆╢ ◓fiꜞכ◔☻ ╩

∆╢ ⌐│  

ὖⱣ ᶿÅØÐ
ὓ×Ᵽ ὓ×

„
υ 

≢ ↕╣╢ ╩ ∆╢ ↓↓≢ Mw(ɗ)

│⸗♦ꜟⱤꜝⱷכ♃⅛╠ ◓ⱷfi♩ⱴכ⸗╢╣↕

♪כꜙ♅♬ Mw0│₈ ╩ ⇔√ ─

 ₈꜠◦Ⱨ₉₉

2017⌐⅔™≡ ⅛╠ ⌐

╢№≢♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗╢╣↕ ╕√

ůM│ ─ ↕╩ ∆╢Ɽꜝⱷכ♃≢№╢  

↕╠⌐ ─ ⅜ ⌂ ╛

⅜ ⌐ ┬ ⌂ ─ ≢│

℮╕ↄ⸗♦ꜟ ≢⅝⌂™↓≤⅜№╢ ∕↓≢ ⱪ

꜡◓ꜝⱶ≢│ ⅜ ≢≈⌂⅜∫√ ─

╩ ⇔≡Ɽꜝⱷכ♃╩ ∆╢ ╙

⇔≡™╢  

 

2.3 ∆═╡ ⸗♦ꜟ 

ⱪ꜠כ♩ ⌐⅔↑╢ ⌂≥ ─ ╛

⅝⅜ ╘ ⅛∫≡™╢ ∆═╡ ─

╩ ∆╢↓≤⅜ ≢№╢ ╕∏ ≤

⌂╢ ─ ╩ ⌐ ⇔√ Ɽ♇

♅╩ ∆╢ ↓╣╠ Ɽ♇♅ ─ ∆═╡

⌐╟╢ ╩ 2.2≤ ⌐ ─ ≢

∆╢↓≤≢ fiכꜞ◓ G⅜ ╠╣╢ ⌐

⅔↑╢ ─ ≤ ∆╢╟℮ Ɽ

♇♅ ─∆═╡ ╩ ∆╣┌ ∆═╡ ⸗♦ꜟ

⅜ ╠╣╢ ↓─ ∆═╡ ╩ s≤∆╣┌

(2)⌐⅔™≡ f(ɗ) = G s≤ ↕╣╢  

Ɽ♇♅─ ⅜ ↄ ─ ╛

⌐ ⅜№╢ ∆═╡ ⸗♦ꜟ─ ⌐⅔™

≡ ⅜ ⌐⌂╢ ╛ ⌐ ⌂ ╩

⇔≡⇔╕℮ ⅜№╢ ∕╣╩ ↑╢√╘ ∆

═╡ ⸗♦ꜟ─ ≢│ ⌂ ⅜ ╠⅛

≢№╢≤™℮ ╩ ∆ ⌐│ ∆═╡

─ 2 ⅜0⌐ ™≤™℮  

ὖ▼ȟ ᶿÅØÐ
╛▼ ╛▼

ς
φ 

╩ ∆╢ ↓↓≢ L│ 2 ╩ ∆ꜝⱪ

ꜝ◦▪fi ≢№╡ ⅎ┌ J·nsson et al. 2002

Ŭ│ ╠⅛↕─ ─ ↕╩ ∆Ɫ▬ⱤכⱤꜝⱷכ

♃≢№╢ ↄ─ ≢│ Ŭ─ ╩ ╘╢√

╘─ ≤⇔≡ ☼▬ⱬה ABIC

╛ ≤ ⱨ○♪כ꜠♩─↕⅛╠ ╩ ™≡™

╢⅜ Yabuki and Matsuôura 1992, J·nsson et al. 2002⌂

≥ ≢│MCMC ╩ ™√Fukuda and Johnson

2008─ ╩ ∆╢ ↓╣│ (6)─Ŭ╙

Ɽꜝⱷכ♃─ ≈≤⇔≡ ∆═╡ ≤Ŭ╩

⌐ ∆╢ ≢№╢ ↓╣⌐╟╡ ≤─

≤ ─ ╠⅛↕─Ᵽꜝfi☻╩ ⌐ ∆

╢↓≤⅜≢⅝╢  

─⸗♦ꜟ ╩ ⇔√ⱪ꜡◓ꜝⱶ╩

⇔ ─ ─ ╩♃כ♦ ™≡⸗♦ꜟ

╩ ∫√ ╩ 3.≢ ∆╢  

 

3.  

3.1 ⸗♦ꜟ─  

3.1.1 16 2004  

16 2004 ₈

₉≤™℮ ⌐⅔↑╢ ─

⅛╠ ⸗♦ꜟ─ ╩ ∫√ כ♦

♃⌐│ F3 ⅛╠ ╘√ GEONET─ ⌐⅔

↑╢ ─ ┘ ╩ ™√  

 



 

-1 ─⸗♦ꜟⱤꜝⱷכ♃─ⱥ☻♩◓ꜝⱶ  

 

 

-2 ─⸗♦ꜟⱤꜝⱷכ♫כ◖─♃כⱪ꜡♇♩ Ɽꜝⱷכ♃ ─ ╩ ∆  



-1│ ↕╣√9≈─⸗♦ꜟⱤꜝⱷכ♃─

╩ ⇔√ⱥ☻♩◓ꜝⱶ≢№╢ ↓╣│

MCMC ⌐╟∫≡ ╠╣√ ─◘fiⱪꜟ ɗi⌐≈™

≡─  

ὖⱣ ὖⱣ▀ὨⱣ χ 

⌐ ∆╢ -1⅛╠ Ɽꜝⱷכ♃─ │

⌂Ⱨכ◒╩ ∫≡⅔╡ ⅜╟ↄ ╕∫≡™╢↓

≤⅜ ⅛╢  

≥♩♇꜡ⱪכ♫כ◖│2- ┌╣╢ Ɽꜝⱷכ♃

─ ╩ ∆ 2 ⱥ☻♩◓ꜝⱶ≢№╡

Munekane et al. 20162≈─Ɽꜝⱷכ♃⌐≈™≡

─  

ὖⱣȟⱣ ὖⱣȿ▀ὨⱣ ȟ ψ 

⌐ ∆╢ ╒≤╪≥─Ɽꜝⱷכ♃─ ⌐⅔™≡

─●►☻ ⌐ ™ ╩⇔≡™╢↓≤⅛

╠ Ɽꜝⱷכ♃│╒╓ ⌐ ≢⅝≡™╢↓≤⅜

⅛╢ ─Ɽꜝⱷכ♃─ ⌐│╦∏⅛⌂ ⅜

╠╣╢╙── ∕─ │ ≢№╢√╘

│≢☻כ◔ Ɽꜝⱷכ♃╩╟ↄ ≢⅝≡™╢  

-3│ Ɽꜝⱷכ♃─ ╩ ™≡ ⇔√

⸗♦ꜟ⌐╟╢ ≤ ─ ╩ ⇔

√╙─≢№╢ ╠╣√VR │97.87%≢ ↕

╣√⸗♦ꜟ│ ╩╟ↄ ⇔≡™╢↓≤⅜ ⅛

╢ ╕√ ⸗♦ꜟ≢ ♬◓ⱷfi♩ⱴכ⸗√╣↕

╡№≢6.64│♪כꜙ♅ 30 GPa╩

≤╙ ≢№╢ ╒⅛2005 

 

 

 

-3 ⌐╟╢ ─ ≤ ─ │ │ ─

╩ ∆ ─ │ ⌐ ⇔√ │ ─ ╩ ∆ │ ╟╡ ╩ ∆  

 



3.1.2 23 2011  

23 2011

₈ ₉≤™℮ ⌐⅔↑╢

─ ⅛╠ ⸗♦ꜟ─ ╩ ∫

√ ─ ≡⇔≥♃כ♦ 20113 4

10 ┘12 ─F3 ╩ ⇔ │

╩1cm ╩3cm≤ ⇔√ ╟∫≡

│⌐♃כ♦ ─ ╛ ─ ╙

╕╣≡™╢↓≤⌐ ↕╣√™ 1 ─

≢ ⇔√≤↓╤ ≤ ⌐ ⌂ ⅜

╠╣√√╘ ⅜≈⌂⅜∫√2 ─

╩ ™≡ ╩ ∫√ ↓↓≢ 2 ─ ─ Ɽ

ꜝⱷכ♃╩ ⌐ ⇔√ Ɽꜝⱷכ♃ ⅜

ↄ ⅜ ⌐⌂∫√√╘ ⅜2 ─ ≢

∂ ≤⌂╢╟℮ ⇔√ ↓─√╘ ⌐

⇔√Ɽꜝⱷכ♃ │ 14 ≢№╢  

-4│ ↕╣√⸗♦ꜟⱤꜝⱷכ♃─ⱥ☻♩◓

ꜝⱶ≢№╢ ─ ≤ ⇔≡

─Ɽꜝⱷכ♃─ ⅜ ↄ ◘fiⱪꜟ │

ↄ⌂™╙── ─ Ɽꜝⱷכ♃≤╙ ⌂Ⱨ

╩◒כ ≈ ⅜ ╠╣√ ╕√

Ɽꜝⱷכ♃─ ╩ ™≡ ⌐⅔↑╢

╩ ⇔√≤↓╤ VR │99.76%≤⌂╡

╩╟ↄ ≢⅝≡™╢ -5 כ⸗√╣↕

ⱷfi♩ⱴ◓♬♅ꜙכ♪│ 2 ─ ≢8.88≢

№╡ 50 GPa╩ ∂ↄ2 ─

╩ ⇔√ ≤╙ ≢№╢ ╒⅛

2011 

 

3.1.3 20196 18 ─  

20196 18 ─ ₈

─ ₉≤™℮ ⌐⅔↑╢ ─ ⅛

╠ ⸗♦ꜟ─ ╩ ∫√ │≢☻כ◔

─ ⌐ ╡⅜№╢√╘ ╩ ↕∏

⌐ ⇔√ ≤∆═╡ ○♪כ꜠♩⌐

ⱨ─ ⅜ ╠╣√ ↓─√╘ (5)─ ⌐╟

╢ ╩ ⇔√ ůM = 0.3╩  

 

 

-4 ─⸗♦ꜟⱤꜝⱷכ♃─ⱥ☻♩◓ꜝⱶ 2 ─ │ ≢ ↕╣≡™╢√╘ ─

│ ⌐ ↕╣╢ ╕√ │2 ─ ≢ ─ ⌐⌂╢╟℮ ⇔≡™╢

 



 

-5 ⌐╟╢ ─ ≤ ─ │ │

╩ ∆ ─ │ ⌐ ⇔√2 ─ │ ─ ╩ ∆ │ ╟╡ ╩

∆  

 

╕√ ⌐⅔™≡ ┘

─ 2≈─ ⌂╢ ⅝╩ ≈ ⅜ ─ VR

≢ ↕╣√√╘ ↓╣╠─ ╩ ╗ ™Ɽ

ꜝⱷכ♃ ≢ ╩ ∫√ ↓─ ─

─√╘ Ɽꜝ꜠ꜟ♥fiⱤꜞfi◓ ⌐⅔™≡T = (1, 

2, 4, é , 26)─ 7 ─ ╩ ⇔≡ ⇔ ⌂

╢ ⅝─ ─Ɽꜝⱷכ♃ ╩ ≢⅝╢

╟℮ ╩ ∫√ ╕√ 2≈─ ─Ɽꜝⱷכ

♃ ─ ╩ ↄ∆╢√╘ ─ │

≢ ⇔√  

─ ─╙≤ MCMC ⌐╟∫≡ ⸗

♦ꜟ─ ╩ ∫√≤↓╤ Ɽꜝⱷכ♃ ─

╣√ ⌐2≈─Ⱨכ◒╩ ≈ ⅜ ⌐

╠╣√ ⅎ┌ -6⌐⅔↑╢ ≤ ─ 2

ⱥ☻♩◓ꜝⱶ≢│ 2≈⌐ ↕╣√ ⌂Ⱨ

⅜◒כ ╠╣╢ ↓╣│ 40°

25° ┘ 210°

60° ╩ ≈ Ɽꜝⱷכ♃ ╣√

─⸗♦ꜟⱤꜝⱷכ♃╩ ⌐ ⇔≡™╢↓≤╩

∆╢ ↓─╟℮⌂ │ ─╖╩ ╢

≢│ ≢№╡ ─ MCMC ─╟℮

⌐ ⌂ ╩ ∆╢↓≤⌐╟∫≡─╖ ╠╣

╢ ≢№╢  

╩ ─Ɽꜝⱷכ♃ ≢

∆╢↓≤⌐╟╡ ∕╣∙╣─ ⅝─ ⸗♦ꜟ╩≤

╢ ⅜ ╠╣ ┘ ≢∕╣∙╣

29 %≤71 %─ ≤⌂∫√ ↓↓≢ ⸗♦ꜟ─

⅜ ™↓≤│ ⅎ╠╣√ ⌐⅔™≡ ╡ ╢Ɽ

ꜝⱷכ♃─ ⅜ ™↓≤╩ ⇔≡⅔╡

⌐ ∆╢ ─ ↕╩ ∏⇔╙ ⇔≡™⌂™↓≤

⌐ ⅜ ≢№╢ VR─ ╩ ∆╢

≤ ┘ ≢∕╣∙╣ 98.28%

98.24%≤⌂╢  

™∏╣⌐⇔≡╙ ⌂╢ ⅝╩ ≈ ─⸗♦

ꜟ⅜ ≢⅝⌂™ ╩ ≈↓≤⅛╠ ↓╣╠2≈

─ │ ≤╙ ╩♃כ♦ ⌂⸗♦

ꜟ≢№╢↓≤╩ ⇔≡™╢ 2≈─ ∕

╣∙╣⌐ ∆╢Ɽꜝⱷכ♃─ ╩ ™≡

╩ ⇔√≤↓╤ ≤╙ ╩╟ↄ ⇔≡

™╢↓≤⅜ ⅛╢ -7 ↓─↓≤⅛╠

⇔√GEONET─ │≢╖─♃כ♦ ─ ⅝

╩ ∆╢↓≤│ ≢№╡ ─ ╩

∆╢√╘⌐│ ─ ⅎ┌ ⅜

≤⌂╢ ⌂⅔ ♅♬◓ⱷfi♩ⱴכ⸗√╣↕

│♪כꜙ ≢╒╓ ≢6.31

┘ 6.34 ≢№╢ 30 GPa╩

 

 



 
-6 ─ ─⸗♦ꜟⱤꜝⱷכ♫כ◖─♃כⱪ꜡♇♩ Ɽꜝⱷכ♃ ─ ╩ ∆ ↓↓≢│ ─

│ ≢ ⇔≡™╢  

 

 

-7 ─ ⌐╟╢ ─ ≤ ─ │

│ ─ ╩ ∆ ─ │ ⌐ ⇔√ │ ─ ╩ ∆

NW ≤ SE ─⸗♦ꜟ╩ ⌡≡ ⇔≡™╢ │ ╟╡ ╩ ∆  

 

 

  



3.2 ∆═╡ ⸗♦ꜟ─

 

⌐⅔↑╢ ─

⅛╠ ∆═╡ ⸗♦ꜟ─ ╩ ∫√ ↕550 

km× 240 km─ ╩300 25×12⌐ ⇔

↕ ┘ ⅝╩ ⱪ꜠כ♩ Nakajima 

and Hasegawa 2006 ╒⅛ 2008Nakajima et al. 

2009Kita et al. 2010⌐ ╦∑√ Ɽ♇♅╩

⇔√ │♃כ♦ 3.1.2≤ ╩♃כ♦∂ ™≡™

╢ ↓─ ≤⇔≡ ∆═╡ ╩

⅛╠±10° ⌐⌂╢╟℮ ⇔√ ╕√

╟╡ ─ │ ∆═╡ ╩0⌐ ⇔≡™╢  

 

 

-8 ↕╣√ ─∆═╡ ◌

╡═∆│ꜟכ◔☻כꜝ ─ │ⱬ◒

♩ꜟ╩ ∆ ╕√ ─♃כ♦ ⌐ ⇔√

─ ┘ ─ ┘

─ ╩ ⌡≡ ⇔≡™╢ ╟╡

│ ⱪ꜠כ♩ ╩ ∆  

 

⌐⅔™≡ 2.3≢ ⇔√MCMC ⌐╟╢

╩ ∫√ ∆═╡ ┘Ɫ▬ⱤכⱤꜝⱷכ

♃Ŭ─ ╩ √ -8│ Ɽ♇♅

─∆═╡ ─ ╩ ™√∆═╡ ⸗♦ꜟ≢№

╢ ⌐ 50 m ─∆═╡╩ ≈

⅜ ↕╣√ ╕√ ⅛╠ ⌐⅛↑ 

≡╙ 10 m─ ∆═╡⅜ ↕╣≡™╢ ↓╣│

⌐ ╛ ─ ╩ⱪ꜠כ♩

─∆═╡≤⇔≡ ⇔√ ≤ ⅎ╠╣╢ ↓─

╟℮⌂∆═╡ ─ │ Ozawa et al.2011≤

╙ ≢№╢ ∆═╡ │ Ozawa et al.

2011╟╡╙ ⅝™⅜ ↓╣│ ╠⅛↕─

─ ↕╩ ∆╢ ⅜ ⌂╢√╘≤ ⅎ╠╣╢

≢ ↕╣√ ∆═╡ │ ─

ⅎ┌Simons et al. 2011≤ ≢№╢ ╕√ ∆═

╡ ⅛╠ │♪כꜙ♅♬◓ⱷfi♩ⱴכ⸗╢╣↕

9.01≢№╡ 50 GPa╩ Ozawa et al.

2011≤╙ ≢№╢  

 

 

-9 Ɫ▬ⱤכⱤꜝⱷכ♃ Ŭ2─ Ŭ2─

│ ─ ≢ ⇔≡™╢  

 

╠╣√Ɫ▬ⱤכⱤꜝⱷכ♃Ŭ ┘ Ɽ♇♅

⌐⅔↑╢∆═╡ ─ │ ⌂Ⱨ

╩◒כ ∫≡⅔╡ ⌐⅔™≡Ɽꜝⱷכ♃│╟

ↄ ↕╣≡™╢↓≤⅜ ⅛╢ -9 ┘ -10

╕√ ↕╣√∆═╡ ─ │ ∆═╡─

⅝™ ≢2-3m ≢№╢  

╠╣√∆═╡ ⅛╠ ⇔√ ≤

─ ╩ ∆╢≤ VR = 99.85%≤⌂╡

╩╟ↄ ≢⅝≡™╢ -11   

⅛╠ ∆═╡ ≤Ŭ╩ ⌐ ∆╢↓≤≢

≤─ ≤ ─ ╠⅛↕─Ᵽꜝfi

☻╩ ⌐ ⇔√∆═╡ ⸗♦ꜟ╩ ∆╢

↓≤⅜≢⅝√ √∞⇔ ↕╣╢∆═╡ │

⸗♦ꜟ ⅜ ⅎ╢∆═╡ ─ ╛

┘∕─ ⌐╟∫≡ ⌂╢ ≢│ ∆═

╡ ⸗♦ꜟ─ ╩ ≢⅝√↓≤⌐ ╘

⌂ │ №╢ ⌐ ╢ ⅎ┌Iinuma et 

al. 2012Ozawa et al. 2012Tomita et al. 2020 

 

 


