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ྎ‴㞟㞟ᆅ㟈䛾⁥䜚ᖏ䜢᩿ᒙ䝁䜰䛻䛚䛔

䛶ྠᐃ䛧䠈䛭䛾⁥䜚ᖏෆ㒊䛾⢏Ꮚ䛾኱䛝䛥

䜢ගᏛ䛚䜘䜃㟁Ꮚ㢧ᚤ㙾ほᐹ䛻䜘䜚 ᐃ䛧

䛯䠊ᚓ䜙䜜䛯⢏ᚄศᕸ䛛䜙◚ቯ⾲㠃䜶䝛䝹

䜼䞊䜢ィ⟬䛧䠈㏆ᆅᆅ㟈ィ䛾䝕䞊䝍䛛䜙ィ

⟬䛥䜜䛯ᆅ㟈◚ቯ䜶䝛䝹䜼䞊䛸ẚ㍑䛧䛯⤖

᩿ᒙᖏ᥀๐

䝁䜰ほᐹ䞉⢏ᚄศᯒ

◚ቯ⾲㠃䜶䝛䝹䜼䞊ィ⟬
⟬䛥䜜䛯ᆅ㟈◚ቯ䜶䝛䝹䜼䞊䛸ẚ㍑䛧䛯⤖
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䝹䜼䞊䛾6%䛻㐣䛞䛺䛔䛣䛸䛜ศ䛛䛳䛯䠊

䛣䛾䛣䛸䛛䜙䠈௒ᅇ䛾◊✲ᑐ㇟䛷䛒䜛㌴

⡲ᇟ᩿ᒙ䛿ẚ㍑ⓗᡂ⇍䛧䛶䛔䜛䛸⪃䛘䜙䜜
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ྎ‴㌴⡲ᇟ(Chelungpu)᩿ᒙ

㉮ྥ䠖䜋䜌༡໭
ഴᩳ䠖ᮾ䛻⣙30ᗘ
඲㛗䠖⣙90km

ẕᒾ䠖㩭᪂⤫㘊Ỉ(Chinshui)㡫ᒾ䠄5-1.6Ma䠅

᩿ᒙᖏ᥀๐䞊㌴⡲ᇟ᩿ᒙ䛸㞟㞟ᆅ㟈

1999ᖺ㞟㞟(Chi-Chi)ᆅ㟈
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ྎ‴㌴⡲ᇟ᩿ᒙ䜢㟈※䛸䛩䜛䠈Mw=7.6䛾ෆ㝣㏫᩿ᒙᆺ
ᆅ㟈䠊ኚ఩㔞䛜༡㒊䛷䛿ᑠ䛥䛟䠈໭㒊䛷䛿኱䛝䛔䠊

Ji et al.(2001) 䜘䜚
᭷㝈᩿ᒙ㏫ゎἲィ⟬⤖ᯝ

Ma et al.(1999) 䜘䜚



᩿ᒙᖏ᥀๐䞊ྎ‴㌴⡲ᇟ᩿ᒙ᥀๐ィ⏬

ྎ‴㌴⡲ᇟ᩿ᒙ᥀๐ィ⏬䠄TCDP䠅

Taiwan Chelungpu-fault Drilling Project

኱ᆙ(DaKeng)௜㏆䛷㌴⡲ᇟ᩿ᒙ䜢᥀๐䠊
᥀๐Ꮝ௜㏆䛷䛾⁥䜚㔞䛿8.3m䠄ᙉ㟈ィ䞉
GPS䜘䜚䠅䠊
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᥀๐Ꮝ᥀๐Ꮝ᥀๐Ꮝ᥀๐Ꮝ ᥀๐῝ᗘ᥀๐῝ᗘ᥀๐῝ᗘ᥀๐῝ᗘ 㐃⥆䝁䜰ᅇ཰῝ᗘ㐃⥆䝁䜰ᅇ཰῝ᗘ㐃⥆䝁䜰ᅇ཰῝ᗘ㐃⥆䝁䜰ᅇ཰῝ᗘ

Hole A 2000m 500-2000m

Hole B 1300m 950-1300m

Hole C 䠄B䛾ศᒱ䠅 950-1200m 950-1200m



䝁䜰ほᐹ䞊୺๧᩿ᖏ䛸⁥䜚㠃䛾ྠᐃ

Hole-A 䝁䜰ほᐹ⤖ᯝ

• ㌴⡲ᇟ᩿ᒙ䛿᩿ᒙゅ♟ཬ䜃᩿ᒙ䜺䜴䝆䜢
ྵ䜣䛰῝ᗘ1105-1115m䛾䝎䝯䞊䝆䝌䞊䞁䛸䛧
䛶ほᐹ䛥䜜䛯䠊
• ୺せ๧᩿ᖏ(PSZ)䛿ᴟ⣽⢏᩿ᒙ䜺䜴䝆䛾ほ
ᐹ䛥䜜䛯1111.23-1111.35m䛾12cm䠊
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ᅗ1bᅗ1c

ᴟ⣽⢏ᒙ

᭱䜒ኚᙧ䛜ᑠ䛥䛟䠈
ᩳ஺䛩䜛䜽䝷䝑䜽
䛜ᑡ䛺䛔
→୺๧᩿ᖏ(MSZ)



⢏ᚄศᯒ䞊◚ቯ⏤᮶䛾⢏Ꮚ䛾㝈⏺

◚ቯ⢏Ꮚ䛾⢏ᚄ

50nm䛻‶䛯䛺䛔ᚤᑠ⢏Ꮚ䛿෇☻ᗘ䛜㧗䛔䠄㏱㐣ᆺ㟁Ꮚ㢧ᚤ㙾ീ䛻䜘䜛䠅䠊

䛣䜜䜙ᚤ⣽⢏Ꮚ䛿◚ቯ䛷䛿䛺䛟ỿẊ䛻䜘䜚⏕䛨䛯ྍ⬟ᛶ䛜䛒䜛䠊

N=0.0045D-2.3

◚ቯ䜶䝛䝹䜼䞊䛾ィ⟬䛻䛿50nm௨ୖ䛾⢏Ꮚ䛾䜏䜢⏝䛔䜛䠊
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ᅗ2b ᅗ2a

N=0.0045D-2.3
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⿵㊊ᅗ1, ᅗ2b
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⿵㊊ᅗ1, ᅗ2b
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⿵㊊ᅗ1, ᅗ2b



䠰䠡䠩ീ

⢏ᚄศᯒ䞊⢏ᚄู䛾⢏Ꮚᙧ≧

䠄ཧ⪃䠅⢏Ꮚᙧ≧䛾ẚ㍑
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⿵㊊ᅗ1, ᅗ2b



◚ቯ⾲㠃䜶䝛䝹䜼䞊䞊⢏ᚄ䛤䛸䛾య✚

⢏Ꮚ䛾⾲㠃✚䞉య✚ẚ

ྛ⢏Ꮚ䜢⌫య䛸㏆ఝ䛧䛶⾲㠃✚䞉య✚ẚ䜢⪃䛘䜛䛸䠈

య✚䛷⾲䛧䛯⢏ᚄศᕸ

…(a)
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య✚䛷⾲䛧䛯⢏ᚄศᕸ

⢏ᚄศᕸ䛾㏆ఝᘧ䛿

≉ᐃ䛾⢏ᚄD䛾⢏Ꮚ䛻䛴䛔䛶䠈᩿㠃1mm2䛒䛯䜚䛾⢏Ꮚ㠃✚䛿

䜘䛳䛶䠈≉ᐃ䛾⢏ᚄD䛾⢏Ꮚ䛻䛴䛔䛶䠈ヨᩱ1mm3䛒䛯䜚䛾⢏Ꮚయ✚䛿

…(b)

(a = 0.0045)



◚ቯ⾲㠃䜶䝛䝹䜼䞊䞊◚ቯ⾲㠃✚䛾ィ⟬

◚ቯ⾲㠃✚

(a), (b)䜘䜚䠈≉ᐃ䛾⢏ᚄD䛾⢏Ꮚ䛻䛴䛔䛶䠈ヨᩱ1mm3䛒䛯䜚䛾⾲㠃✚䛿

…(a)

…(b)
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䛣䛾ᘧ䛛䜙㝵⣭ู䛻⾲㠃✚䜢⟬ฟ䛧䠈ྜィ䛩䜛䛸 3.27×107 m2/m3

ཌ䛥 2cm 䛾୺๧᩿ᖏ(MSZ) 1m2䛒䛯䜚䛾⾲㠃✚䛿 SMSZ=6.46×105 m2



◚ቯ⾲㠃䜶䝛䝹䜼䞊䞊≉ᚩⓗ䛺◚ቯ䜶䝛䝹䜼䞊

≉ᚩⓗ䛺◚ቯ䜶䝛䝹䜼䞊

Mode I 䜽䝷䝑䜽䜢⏕ᡂ䛩䜛㝿䛾⤖ྜ◚ቯ䜶䝛䝹䜼䞊䛻䛴䛔䛶⪃䛘䜛䠊
䛪䜜㊥㞳(δ)䛻ᑐ䛩䜛᚟ඖຊ(σ)䜢ṇᘻ᭤⥺䛷㏆ఝ䛩䜛䛸䠈

䛻䛴䛔䛶⪃䛘䛶䠈
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→䛣䛾 ᐃ್䛜䠈䜺䜴䝆ヨᩱ䛾70%䜢༨䜑
䜛▼ⱥ䛻䛴䛔䛶 Gc=1.0 J/m2 (Scholz, 2002)䠊

Orowan (1949) 䛻ຍ➹



◚ቯ⾲㠃䜶䝛䝹䜼䞊䞊◚ቯ⾲㠃䜶䝛䝹䜼䞊䛾ィ⟬

⢏Ꮚ⾲㠃䛾⢒䛥

⢏Ꮚ⾲㠃䛻N2䜢྾╔䛥䛫䜛Barrett-Emmett-Teller(BET)ἲ䛻䜘䜚 ᐃ䛧䛯ᐇ㝿䛾䠄䝭䜽
䝻䛺พฝ䛾䛒䜛䠅⾲㠃✚䛸ᗄఱᏛⓗ䛺䠄⌫≧䛾䠅⾲㠃✚䛸䛾ẚ䜢λ䛸䛩䜛䛸䠈San 

Andreas ᩿ᒙ䛾⁥䜚ᖏ䛾᩿ᒙ䜺䜴䝆䛻䛴䛔䛶Wilson et al. (2005) 䛜 λ=6.6䛸䛧䛶䛔
䜛䛾䛷䠈௒ᅇ䛣䛾್䜢⏝䛔䛯䠊

◚ቯ⾲㠃䜶䝛䝹䜼䞊
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◚ቯ⾲㠃䜶䝛䝹䜼䞊䛿䠈┿䛾◚ቯ⾲㠃✚ (Sλ) 䛻≉ᚩⓗ䛺◚ቯ䜶䝛䝹䜼䞊 (Gc) 䜢
஌䛨䛶ᚓ䜙䜜䜛䠊༶䛱䠈

䛣䜜䛻䜘䜚䠈◚ቯ⾲㠃䜶䝛䝹䜼䞊 GMSZ=4.3 MJ/m2䛜ᚓ䜙䜜䛯䠊䛣䜜䛜䠈୍ᅇ䛾ᆅ㟈
䛷୺๧᩿ᖏ(MSZ)䜢⏕ᡂ䛩䜛䛯䜑䛻ᚲせ䛺᭱ప㝈䛾䜶䝛䝹䜼䞊䛰䛸⪃䛘䜙䜜䜛䠊
䠄MSZ䛾እഃ䛾ᒾ▼䛾◚ቯ䛿䛣䛾10%௨ୗ䛾䜶䝛䝹䜼䞊䛧䛛ᾘ㈝䛧䛺䛔䠅



ᆅ㟈◚ቯ䜶䝛䝹䜼䞊䞊⁥䜚ᙅ໬᭤⥺䛾ィ⟬

ᛂຊኚ໬䛾ィ⟬ἲ

•୕ḟඖ᭷㝈ᕪศἲ䛻䜘䛳䛶䠈᩿ᒙ㠃ୖ䛷䛾ᛂຊ䛾
᫬㛫ኚ໬䜢ィ⟬䛧䛯䠊
• Traction-at-split-node (TSN)ἲ䜢⏝䛔䛶䛔䜛䠖

᩿ᒙ㠃ୖ䛾⠇Ⅼ䛿ศ๭䛥䜜䠈䛭䜜䛮䜜䛜᩿ᒙ
㠃䛾∦ഃ䛻ᒓ䛩䜛䠊

•᩿ᒙ㠃ୖ䛾ቃ⏺᮲௳䛸䛧䛶⁥䜚㏿ᗘ䜢୚䛘䛯䠊
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◚ቯ௙஦ (Breakdown work)

◚ቯ௙஦ (Breakdown work; Wb) 䛿䠈⁥䜚䛾㛫䛻᭱
ᑠ๧᩿ᛂຊ(τmin)䜢㉸䛘䛶䛔䛯ศ䛾௙஦䠄వ๫௙஦: 

Excess work; We䠅䛾䛖䛱䠈⁥䜚䛜ጞ䜎䛳䛶䛛䜙᭱ᑠ
๧᩿ᛂຊ䛻㐩䛩䜛䜎䛷䛾㛫䛻䛺䛥䜜䜛䜒䛾 (Tinti et 

al., 2005)䠊

Tinti et al.(2005)ᅗ4䠊
a)䛜ྂ඾䝰䝕䝹䠈b)䛜వ๫௙஦䜢
ྵ䜑䛯⪃䛘᪉䠊



ᆅ㟈◚ቯ䜶䝛䝹䜼䞊䞊◚ቯ௙஦䛾ィ⟬

◚ቯ௙஦䛾ィ⟬

ᛂຊኚ໬䜢ィ⟬䛧䠈䛭䛾✚ศ್

䜢⪃䛘䜛䛸䠈䛣䛾௙஦䠄ྑᅗᩳ⥺㒊䠅䛜◚ቯ௙஦䛻┦ᙜ
䛧䠈䜾䝸䝑䝗䝃䜲䝈0.95km䠈䝍䜲䝮䝇䝔䝑䝥0.054s䛷ィ⟬
䛧䛯䛸䛣䜝Wb=11.6 MJ/m2䛜ᚓ䜙䜜䛯䠊
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◚ቯ௙஦䛾ゎ㔘

◚ቯ௙஦䛿⁥䜚ᖏ⏕ᡂ䛾䛯䜑䛾⾲㠃◚ቯ䜶䝛䝹䜼䞊
䛾䜏䛺䜙䛪䠈᩿ᒙ㐠ື䛾㛫䛾䜶䝛䝹䜼䞊ᩓ㐓䜒ྵ䜣
䛷䛔䜛䛸⪃䛘䜙䜜䜛 (Tinti et al., 2005)䠊

ᅗ3䠖᥀๐Ꮝ௜㏆䛷䛾ᛂຊ㝆ୗ

Wb=11.6 MJ/m



᳨ウ䞊◚ቯ⾲㠃䜶䝛䝹䜼䞊䛾ᐤ୚

⁥䜚ᖏ䛾ཌ䛥

㌴⡲ᇟ᩿ᒙ䛾⁥䜚ᖏཌ䠋ኚ఩㔞ẚ䜢⪃䛘䜛䠊

⁥䜚ᖏཌ䛥⁥䜚ᖏཌ䛥⁥䜚ᖏཌ䛥⁥䜚ᖏཌ䛥 (T) ኚ఩㔞ኚ఩㔞ኚ఩㔞ኚ఩㔞 (D) T/D

㌴⡲ᇟ᩿ᒙ඲య䠄୺せ๧᩿ᖏ䠅㌴⡲ᇟ᩿ᒙ඲య䠄୺せ๧᩿ᖏ䠅㌴⡲ᇟ᩿ᒙ඲య䠄୺せ๧᩿ᖏ䠅㌴⡲ᇟ᩿ᒙ඲య䠄୺せ๧᩿ᖏ䠅 12cm 300m 4××××10-4

୺๧᩿ᖏ୺๧᩿ᖏ୺๧᩿ᖏ୺๧᩿ᖏ(MSZ) 2cm - -

1999ᖺᖺᖺᖺ㞟㞟㞟㞟㞟㞟㞟㞟ᆅ㟈ᆅ㟈ᆅ㟈ᆅ㟈 3.3mm 8.3m 4××××10-4
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㞟㞟ᆅ㟈䛻క䛖◚ቯ⾲㠃䜶䝛䝹䜼䞊

1999ᖺᖺᖺᖺ㞟㞟㞟㞟㞟㞟㞟㞟ᆅ㟈ᆅ㟈ᆅ㟈ᆅ㟈 3.3mm 8.3m 4××××10

୺๧᩿ᖏ(MSZ)䛾୰䛷ẖᅇྠ䛨఩⁥䛳䛶ྠ䛨఩䛾ཌ䛥䛾⁥䜚ᖏ䜢స䜛䛸⪃䛘䜛䛸䠈୺
๧᩿ᖏ䛾୰䛻䛿 2cm/3.3mm=6.06ᅇ䛾᩿ᒙ㐠ື䛜グ㘓䛥䜜䛶䛔䜛䛿䛪䛷䛒䜛䠊

୺๧᩿ᖏ୺๧᩿ᖏ୺๧᩿ᖏ୺๧᩿ᖏ(MSZ) 6.06ᅇ 4.3 MJ/m2

1999ᖺᖺᖺᖺ㞟㞟㞟㞟㞟㞟㞟㞟ᆅ㟈ᆅ㟈ᆅ㟈ᆅ㟈 1ᅇ 0.71 MJ/m2

◚ቯ௙஦Wb=11.6 MJ/m2䛻ᑐ䛧䛶䠈0.71 MJ/m2䛿⣙6%䛻┦ᙜ䛩䜛䠊



᳨ウ䞊◚ቯ௙஦䛾୰㌟

◚ቯ௙஦䛾ෆヂ

◚ቯ⾲㠃䜶䝛䝹䜼䞊䛜◚ቯ௙஦䛾6䠂ศ䛻䛧䛛䛺䜙䛺䛔

ṧ䜚䛾ೃ⿵䛸䛧䛶䛿䠈
Thermo pressurization䠖

᩿ᒙ㐠ື䛻క䛖ᦶ᧿Ⓨ⇕䛾㝿䠈᩿ᒙ㠃࿘㎶䛻ὶయ䛜䛒䜜䜀䠈䛭䛾ᅽຊ䛜ୖ
䛜䜚䠈䠄᩿ᒙ㠃䛜ᣢ䛱ୖ䛢䜙䜜䛶䠅๧᩿ᙉᗘ䛜పୗ䛩䜛 (Wibberly and 

Shimamoto, 2005)䠊
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Shimamoto, 2005)䠊
₶⁥₶⁥₶⁥₶⁥ (Lubrication)䠖
᩿ᒙ㐠ື䛾㝿䠈᩿ᒙ㠃࿘㎶䛻ὶయ䛜䛒䜜䜀䠈

1. ⷧ䛔ὶయ⭷䛜⢏㛫䜢ᨭ䛘䜛䛯䜑䠈๧᩿ᛂຊ䛜⢓ᛶᛂຊ┦ᙜ䛻䛺䜛䠄ᅛయ
ྠኈ䛾ሙྜ䜘䜚ᑠ䛥䛟䛺䜛䠅

2. 㐠ື䛻క䛔ᶵᲔⓗ䛻ୖ᪼䛧䛯ὶయᅽ䛜᩿ᒙ㠃ྠኈ䛾᭷ຠᅽ䜢ୗ䛢䜛䠄᩿
ᒙ㠃䜢ᣢ䛱ୖ䛢䜛䠅

䛯䜑䠈ᦶ᧿ᛂຊ䛜పୗ䛩䜛 (Brodsky and Kanamori, 2001)䠊



᳨ウ䞊ᨺᑕຠ⋡

◚ቯ䜶䝛䝹䜼䞊䛾⟬ฟ (Kanamori, 2001)

ᆅ㟈䝰䞊䝯䞁䝖 䠄L䠖᩿ᒙ㛗䠈W䠖᩿ᒙ䛾ᖜ䠈D䠖ኚ఩㔞䠅䜘䜚䠈

䜎䛯䠈๧᩿ᖏ䛾⢏Ꮚ䜢┤ᚄd䛾୍ᵝ䛺⌫䛷㏆ఝ䛧䠈䛭䛾య✚䛾࿴VG䛜๧᩿ᖏయ✚
䛰䛸⪃䛘䜛䛸䠈⢏Ꮚ䛾඲⾲㠃✚SG䛸◚ቯ䜶䝛䝹䜼䞊EG䛿䠈

…(c)
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…(c)



௨ୖ䜘䜚䠈ᨺᑕຠ⋡䛿

᳨ウ䞊ᨺᑕຠ⋡

ᨺᑕຠ⋡䛾ィ⟬䞉䜎䛸䜑

ᅗ4
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䛸⾲䛫䛶䠈
CR=2×10-5

µ=30 GPa

䜎䛯 (c) 䜘䜚
d=6×T/SMSZ=1.86×10-1 µm

䜢⏝䛔䛶䠈η’R=0.88 䛸䛺䜛䠊

ᅗ4

•㌴⡲ᇟ᩿ᒙ䛾1999ᖺ㞟㞟ᆅ㟈䛻

ᑐᛂ䛩䜛䜺䜴䝆ᒙ䛿䠈◚ቯ௙஦䛾
6%䛷⏕ᡂ䛥䜜䛯䠊
•ᨺᑕຠ⋡䛿0.88䛷䛒䛳䛯䠊
↑኱ᆅ㟈䛜ᡂ⇍䛧䛯᩿ᒙ䛷㉳䛣䜛䛸䠈
◚ቯ䛻䜘䜛䜶䝛䝹䜼䞊ᩓ㐓䛜ᑠ䛥䛔䠊

ྠ䛨䛸䛣䜝䛜ఱᗘ䜒⁥䜛


