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Generation of current ripples and initial wavelength on a flat sand bed 

 

ᐑ⏣㞝୍㑻㸦ᒣཱྀᏛ�㸧�

Yuichiro MIYATA (Yamaguchi Univ.2) 

㐃⤡ඛ㸸ᐑ⏣㞝୍㑻�(you@yamaguchi-u.ac.jp)  

 

� 䝸䝑䝥䝹䛿䛹䛖䛧䛶Ἴ㛗䛜つ๎ⓗ䛺䛾䛛䠛 Ἴ㛗䛿ఱ䛜Ỵ䜑䛶䛔䜛䛾䛛䠛 䝕䝳䞊䞁䛸䛹䛣䛜㐪䛖䛾䛛䠛 䛭䜒

䛭䜒䛺䛬Ⓨ⏕䛩䜛䛾䛛䠛� 䛣䜜䜙䛿ᮍ䛰䛻ᮍゎ᫂䛷䛒䜛䠊ᆅᒙ୰䛾䝸䝑䝥䝹䛿ᐃᖖ≧ែ䛷ṧ䛥䜜䛯䛸䛿㝈䜙䛺

䛔䠊䜘䛟▱䜙䜜䜛䜘䛖䛻䝸䝑䝥䝹䛿Ⓨ⏕ᚋ䛻ᡂ㛗䛩䜛䠄Coleman and Melville, 1994; 1996䛺䛹䠅䠊䛭䛣䛷䠈Ⓨ⏕ẁ

㝵䛻╔┠䛧䛶ᙧᡂ᮲௳䞉ᙧᡂ㐣⛬䞉ᙧᡂ㛫䞉ึᮇἼ㛗䛻䛴䛔䛶⣔⤫ⓗ䛺ᐇ㦂䜢⾜䛳䛯䠊࿘㛗 1.8m䠈ᖜ

0.04m䛾㔜⟄ᆺ⎔Ỉ㊰䜢⏝䛔䠈Ỉ㠃ୖ䛛䜙䝰䞊䝍䞊䛷䝟䝗䝹䜢㥑ື䛧䛶Ỉὶ䜢㉳䛣䛩䛾䛷 3⛊䜋䛹䛷ᡤ

ᐃ䛾ὶ㏿䛻ไᚚ䛷䛝䜛䠊䛧䛛䛧䠈ᖜ䛜ᑠ䛥䛟 䛾䛝䛥䜢ไ⣙䛩䜛䛾䛷Ⓨ㐩䛧䛯䝸䝑䝥䝹䛾⌧䛻䛿ྥ䛛䛺䛔䠊

ヨᩱ䛻䛿 0.1䛛䜙 3mm䜎䛷 10✀㢮䛾Ὲử䛥䜜䛯▼ⱥ◁䜢⏝䛧䠈Ỉ῝ 0.25m䛷䠈ὶ㏿䜢 5cm/s༢䛷タ

ᐃ䛧䠈ᖹᗋ䛛䜙Ⓨ⏕䛧䛯䝸䝑䝥䝹䛾Ἴ㛗䠈Ⓨ⏕㛫䠈᩿㠃ᙧ䜢⧞䜚㏉䛧ィ 䛧䛯䠊䛭䛾⤖ᯝ䠈௨ୗ䛾䛣䛸䛜᫂

䜙䛛䛻䛺䛳䛯䠊䛩䛺䜟䛱䠈 

(1)䛹䛾⢏ᚄ䛷䜒ప㏿䛷䛿㠀ᑐ⛠᩿㠃ᙧ䠈㧗㏿䛷䛿ᑐ⛠᩿㠃䛾䝸䝑䝥䝹䛜Ⓨ⏕䛩䜛(Fig.1A,B)䠊ቃ⏺䛾ὶ㏿䛷

䛿┦๓ᚋ䛩䜛䛣䛸䛜䛒䜛䠊(2)ึᮇ䛿䛻Ἴ㧗䛜ቑ䛧䠈Ἴ㛗䛾ቑ䛿ᑡ䛺䛔(Fig.1C)䠊Ἴ㧗 1mm௨ୗ䛷䜒୍

ᐃ⠊ᅖ䛾Ἴ㛗䜢䜒䛱䠈┠どྍ⬟䛺Ἴ㧗 2-3mm䛷䛂ึᮇἼ㛗䛃䜢ᐃ⩏䛷䛝䜛䠊(3)ึᮇἼ㛗䛻 10cm๓ᚋ䛿ぢ䜙

䜜䛪䠈䛣䜜䜢ቃ䛻ᑠᆺ䛸ᆺ䛻᫂☜䛻༊ศ䛥䜜䜛䠊୧⪅䛾㐃⥆䛺ቃ⏺䛿୰⢏◁䛻䛒䜛䠊ୗ㒊ᖹᗋ䛿䛣䜜

䜘䜚⢒⢏ഃ䛻䛧䛛⌧䜜䛺䛔䠊(4)Ⓨ⏕㛫䛿⢏ᚄ䞉ὶ㏿䛻䜘䛳䛶 3⛊䛛䜙 150⛊䜎䛷ᵝ䚻䛻␗䛺䜛䠊(5)䛹䛾⢏

ᚄ䛷䜒䝸䝑䝥䝹㡿ᇦὶ㏿䛾ୖ㝈䛸ୗ㝈䛻㏆䛔᮲௳䜋䛹Ⓨ⏕䛜㐜䛟䠈ᑐ⛠-㠀ᑐ⛠ቃ⏺㏆䛷᪩䛔䠊(6)ᑠᆺ䞉

ᆺ䝸䝑䝥䝹Ⓨ⏕䛾⢏ᚄ䞉ὶ㏿᮲௳䛿䠈Ⓨ㐩䛧䛯䝸䝑䝥䝹䞉䝕䝳䞊䞁䛾Ᏻᐃ㡿ᇦ༊ศ䠄Southard, 1991䠅䛸䛚䛚䜐䛽

ᑐᛂ䛩䜛(Fig.2)䠊(7)ୖ㒊ᖹᗋ䛿୰⢏◁䜘䜚⣽⢏ഃ䛻䠈ୗ㒊ᖹᗋ䛿⢒⢏ഃ䛻䛧䛛⌧䜜䛺䛔䠊(8)ึᮇἼ㛗

䛿⢏ᚄ䛸ὶ㏿䛻䜘䛳䛶⣔⤫ⓗ䛻ኚ䛩䜛䠊ึᮇἼ㛗䛿⢏ᚄ䛻ẚ䛧䛶ቑ䛩䜛ഴྥ䛻䛒䜛䠄⢏ᚄ䛾⣙ 200

ಸ䠅䛜䠈ᆺ䝸䝑䝥䝹䛻䛿పୗഴྥ䛜ΰ䛨䜛(Fig.3)䠊(9)ึᮇἼ㛗䛿ὶ㏿^2䛻ẚ䛧䛶ቑ䛩䜛ഴྥ䛜䛒䜛

䛜䠈ᑠᆺ䝸䝑䝥䝹䛿ቑ䛜ᑡ䛺䛔(Fig.4)䠊䜎䛯䠈Ⓨ㐩䛧䛯䝸䝑䝥䝹䛾Ἴ㛗䛿䛣䛾㛵ಀ䛻ᚑ䜟䛺䛔䠊(10)ึᮇἼ㛗

䛸⢏ᚄ䞉ὶ㏿䛸䛾㛵ಀ䛿ᚑ᮶䛾㝈䜙䜜䛯⢏ᚄ䛾ᐇ㦂⤖ᯝ䛸䜒ᩚྜ䛩䜛䠊 

� ప㏿䛻㠀ᑐ⛠᩿㠃䛾䝸䝑䝥䝹䛜ὶ䜜䛾㐽ⶸຠᯝ䛷Ⓨ⏕䛩䜛䛸䛩䜜䜀䠈Ἴ㛗䛿ᚤᑠ㉳అ䛛䜙ቑ䜢⥆䛡䜛

䛣䛸䛻䛺䜛䠊䛧䛛䛧䜿䝹䝡䞁䞉䝦䝹䝮䝩䝹䝒Ᏻᐃ䛻㉳ᅉ䛩䜛䛸⪃䛘䜜䜀ึᮇἼ㛗䛾ୖ㝈䛸ୖグ(2,8,9)䛜ㄝ᫂

䛷䛝䜛䠊ᆺ-ᑠᆺ䛾㐪䛔䛜⢏ᚄ䛻౫Ꮡ䛩䜛䛾䛿䠈⢏Ꮚ⃰ᗘศᕸ䛸㍺㏦ᵝᘧ䛾㐪䛔䛜⪃䛘䜙䜜䜛䠊⛣ື㝈⏺

㏆䛷䛿䠈⢒⢏◁䛷䛿ᗏ㠃ὶ㏿䛜ỿ㝆㏿ᗘ௨ୗ䛷㌿ື䛧䜔䛩䛔䛾䛻ᑐ䛧䛶䠈⣽⢏◁䛷䛿ỿ㝆㏿ᗘ䜢㉸䛘䛶

ᾋ䛛䛥䜜㊴㌍䛧䜔䛩䛔䠊⢒⢏◁䛷䛿㌿ື䛜䜏䜙䜜ୗ㒊ᖹᗋ䜢⏕䛨䛯䛜䠈⣽⢏◁䛷䛿㊴㌍య䛷䛒䛳䛯䠊⢒

⢏◁䜋䛹⢒ᗘ䛜䛝䛟ᤲὶୗ㒊䛻⃰㞟䛩䜛䛾䛷䠈ὶ䛜ᢚไ䛥䜜䛶㌿ື䜢⥔ᣢ䛧䜔䛩䛔䛣䛸䜒䛒䜛䛰䜝䛖䠊 
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6RXWKDUG��-���������Annu. Rev. Earth Planet. 

Sci.��������������

-- 3--



�Ἴ※᥎ᐃࡢ≀✚ὠἼሁྂࡢୗ༙ᓥ㒊ࡿࡼࣥࣙࢩ࣮࣑ࣞࣗࢩ್ᩘ

7VXQDPL�VRXUFH�HVWLPDWLRQ�EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�SDOHRWVXQDPL�GHSRVLWV� �

RQ�WKH�QRUWK�FRDVW�RI�WKH�6KLPRNLWD�3HQLQVXOD��QRUWKZHVW�-DSDQ� �
�

బ⸨ᾏ⏕㸦ಙᕞ㸧࣭ᒣ⏣ᫀᶞ㸦ಙᕞ㸧࣭▼ᮧ㍜㸦ᮾி㒔❧㸧࣭㤿ሙಇᏕ㸦ᚨᓥ㸧�

.DL�6DWR��0DVDNL�<DPDGD��6KLQVKX�8QLY.��

'DLVXNH� ,VKLPXUD� �7RN\R� 0HWURSROLWDQ� 8QLY��� 7RVKLWDND� %DED� �7RNXVKLPD� 8QLY���

㐃⤡ඛ㸸బ⸨ᾏ⏕ �1�V����F#VKLQVKX�X�DF�MS��

 
㸯㸬ࡵࡌࡣ 

 㟷᳃┴ࡢୗ༙ᓥ㒊ࡣ㸪ᾏ㐨ᮾᆅ᪉ࡢ㛫⨨ࡋ㸪ኴᖹὒഃ࣭᪥ᮏᾏഃ࡛Ⓨ⏕ࡿࡍὠἼࡢ

୧᪉ࡀく᮶ྍࡿࡍ⬟ᛶࡿ࠶ࡢᆅᇦ࡛ࡿ࠶㸬༓ᓥᾏ⁁࡛Ⓨ⏕ࡿ࠸࡚ࢀࡽ࠼⪄ࡓࡋ 17 ୡ⣖ὠἼࡸ᪥ᮏ

ᾏ⁁㒊࡛ 1611 ᖺⓎ⏕ࡓࡋ㛗ὠἼࡣ㸪ᾏ㐨ᮾ㒊ἢᓊ㒊୕ࡸ㝣ᾏᓊࡢࡽࢀࡑ࡚࠸࠾ᖺ௦ᑐ

ᛂࡿࡍὠἼሁ✚≀ࡀ☜ㄆࡿ࠸࡚ࢀࡉ㸬ࡽࡀ࡞ࡋࡋ㸪୰㛫ᆅⅬ⨨ࡿࡍୗ༙ᓥ࡛ࡢࡇࡣᖺ௦ࢆ♧

ࡢࡽࢀࡇ㸪ࡓࡲ㸬࠸࡞࠸࡚ࢀࡉㄆ☜ࡣグ㍕ࡿࡍ㛵ὠἼࡶ㸪ྂᩥ᭩グ㘓࡛ࡃ࡞ࡀሗ࿌ࡢ≀✚ὠἼሁࡍ

ὠἼࡣ㸪ಶูࡢᆅ㟈࡛ࡃ࡞ࡣ㸪ྠ୍ࡢᕧᆅ㟈࣭ὠἼ࡛ྍࡿ࠶⬟ᛶࡶᣦࡾ࠾࡚ࢀࡉ㸦ᒸᮧ࣭⾜㇂㸪

2011㸧㸪Ἴ※㛵࡚ࡋᮍゎỴࡢ㒊ศࡀከࡃṧࡿ࠸࡚ࢀࡉ㸬ࡽࡉ㸪ୗ༙ᓥࡣ㸪㒊Ꮡᅾࡿࡍᾏᗏ

ά᩿ᒙࡿࡅ࠾ᆅ㟈ࡸ 1677 ᖺ㟷᳃┴ᮾ᪉Ἀࢆ㟈※࡚ࡋⓎ⏕ࡓࡋᘏᐆ୕㝣ὠἼࡶ࡚ࡗࡼᾐỈࡋ

✲◊ᒙᗎࣛࣇࢸࡧࡼ࠾๐ㄪᰝ᥀ࡢ࡛ࡲࢀࡇࡿࡅ࠾㛵᰿ࡢ㸬ୗ༙ᓥ㒊ࡿࢀࡽ࠼⪄ࡀᛶ⬟ྍࡓ

ࡣᆅᇦࡢࡇ㸪ࡽ 6000 ᖺ๓ࡽ⌧ᅾࡢ࡛ࡲࡿ⮳ᆅᒙࡀಖᏑࡾ࠾࡚ࢀࡉ㸪ࡢࡑ୰ὠἼሁ✚≀ྍࡢ

⬟ᛶࢺࣥ࣋ࡿ࠶ࡢሁ✚≀ࡀ」ᩘㄆࡿ࠸࡚ࢀࡽࡵ㸬ᮏ◊✲࡛ࡣ㸪ᮾ᪥ᮏ࡛ὠἼࡀ㢖Ⓨࡓࡋ 17 ୡ⣖

࣑ࣗࢩ㸪ὠἼᩘ್࡚ࡋⓗ┠ࢆࡇࡿࡍᐃ≉ࢆ※Ἴࡢ≀✚ὠἼሁࡿࢀࡽࡵㄆᙜ࡚㸪㛵᰿ࢆⅬ↔

 㸬ࡓࡗ⾜ࢆࣥࣙࢩ࣮ࣞ

 

㸰㸬᪉ἲ 

 ὠἼᩘ್ࡣࣥࣙࢩ࣮࣑ࣞࣗࢩ JAGRUS (Baba et., 2015) ࡓ࠸⏝ࢆ㸬ィ⟬㛫ࡣὠἼࡀⓎ⏕ࡽ࡚ࡋ

2 㛫ࡋ㸪㠀⥺ᙧ㛗Ἴ⌮ㄽᇶ࡙࡚࠸ὠἼࡢఏ㝣ୖࡢᾐỈࢆィ⟬ࡓࡋ㸬Ἴ※ࣔࡣࣝࢹ㸪17 ୡ

⣖ὠἼ 1611 ᖺ㛗ὠἼࡣ࡚࠸ࡘ㸪ࢀࡒࢀࡑ 3 㸪1677ࢆ࣮ࣥࢱࣃ ᖺᘏᐆ୕㝣ὠἼࡣ࡚࠸ࡘ㸪

ࡿ࠸࡚ࡋ㢮ఝࡀ㸪ὠἼ⿕ᐖつᶍࡵࡓࡓࡗ࡞ࡀࢱ࣮ࢹࡢቯᇦ◚ࡿࡁ࡛⏝ 1968 ᖺ༑Ἀᆅ㟈ὠἼ࡛⟬

ฟࡓࢀࡉ ⣙ࡣࢱ࣮࣓ࣛࣃ㸪ᾏᗏά᩿ᒙࢆ࣮ࣥࢱࣃ2 6 ka௨㝆ࡢᾏᓊ㝯㉳ࡽ᥎ᐃࢆࡢࡶࡓࢀࡉ ⏝ࡘ1

㸪ࡓࡲ㸬ࡓࡋ⏝ࢆἼ㧗ศᕸ᭱ࡓࡏࡉฟຊ㸪㛫ẖࡣ᥎ᐃࡢ㸬ᾐỈ⠊ᅖࡓࡗ⾜ࢆ⟭ィ್ᩘ࡚࠸

ᾐỈ⠊ᅖࡢつᶍࡣ࡚࠸ࡘ㸪ὠἼሁ✚≀ࡀㄆࡿࢀࡽࡵ㟢㢌㏆Ꮡᅾࡿࡍዟ⾜ࡁ 300 mࡢἢᓊపᆅ

 㸬ࡓࡋホ౯࡚ࡗࡼྜࡿࡍᾐỈࡀ㸪పᆅࡽᾐỈ⤖ᯝࡿࡅ࠾

�

㸱㸬⤖ᯝ⪃ᐹ 

 ༓ᓥᾏ⁁Ἴ※ࡓ࠸⨨ࢆሙྜࡣ㸪17 ୡ⣖ὠἼࡢ 2 㸦17࣮ࣥࢱࣃྜ「࣮ࣥࢱࣃ ୡ⣖ὠἼ 1611 ᖺ
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㛗ὠἼࡢ୍ྠࡀᆅ㟈࡛ࡿ࠶௬ᐃࣝࢹࣔࡓࡋ㸧ࡢ 2 ⣙ࡢ⏕㸪ᆅ㟈Ⓨ࡛࣮ࣥࢱࣃ 50 ศᚋ㛵᰿ࡢ

ᾏᓊ⥺ὠἼࡀ฿㐩ࡓࡋ㸬᭱Ἴ㧗ࡣ㸪17ୡ⣖ὠἼࣔࡢࣝࢹ ⣙࡛࣮ࣥࢱࣃ2 2㹼3 m㸪」ྜࣔࡢࣝࢹ 2

⣙࡛࣮ࣥࢱࣃ 5㹼8 m 㸪17ࡀ᪉ࡢࣝࢹࣔྜ「㸪ࡾ࡞ ୡ⣖ὠἼࡶࡾࡼ 2 ಸ㧗ࡓࡗ࡞ࡃ㸬ࡓࡲ㸪4 ࣃ

ࡢࣝࢹ㸪17ୡ⣖ὠἼࣔࢀࡉㄆ☜ࡀᾐỈࡢ㸪ἢᓊపᆅ࡚࠸࠾࡚࣮ࣥࢱ ࡣ࡛࣮ࣥࢱࣃ2 25㹼50%࡛

㸪17ࡣ࡛ࣝࢹࣔྜ「㸬ࡓࡗ࠶ ୡ⣖ὠἼࣔࡶࡾࡼࣝࢹᾐỈ⠊ᅖࡀࡃࡁἢᓊపᆅࡣ 100%ᾐỈࡓࡋ㸬ࡑ

ࡾࡼ㸪ୖࡓࡋᾐỈࡀἢᓊపᆅ㸪ྠᵝࡣ࡛ࣝࢹࣔࡿࡀᗈ࡛ࡲ᪥ᮏᾏ⁁㒊ࡀ※㸪Ἴࡶ୰࡛ࡢ

ᗈ⠊ᅖὠἼࡀධࡓࡋ㸬 

᪥ᮏᾏ⁁㒊Ἴ※ࡃ⨨ࢆ 1611 ᖺ㛗ὠἼࣔࡢࣝࢹ 2 ⣙ࡽ⏕㸪ᆅ㟈Ⓨࡣ࡛࣮ࣥࢱࣃ 55 ศᚋᾏ

ᓊ⥺ὠἼࡀ฿㐩ࡓࡋ㸬୧⪅ඹ᭱Ἴ㧗ࡣ 2 m 㸪1ࡀ࠸࡞ࡋ㐩 ἢᓊపᆅࡣ࡛ࣝࢹࣔࡢࡘ 25%ᮍ

 㸬ࡓࡗ࡞ࡋᾐỈࡣ᪉୍࡛࠺ࡶ㸪ࢀࡽࡵㄆࡀᾐỈࡢ‶

ࡓࡗ⾜ࢆ⟭ィ್ᩘࡢ࣮ࣥࢱࣃ2 1677ᖺ㟷᳃┴ᮾ᪉ἈὠἼࣔࡣ࡚࠸ࡘࣝࢹ㸪ᆅ㟈ࡀⓎ⏕ࡽ࡚ࡋ⣙

40ศᚋᾏᓊ⥺ὠἼࡀ฿㐩ࡓࡋ㸬1ࡣ࡛ࣝࢹࣔࡢ┠ࡘ㸪᭱Ἴ㧗ࡣ 2 m௨ୗ࡛ἢᓊపᆅࡢᾐỈࡶ

ㄆࡢ࠸࡞ࢀࡽࡵᑐࡋ㸪2 ࡀ㸪᭱Ἴ㧗ࡣ࡛ࣝࢹࣔࡢ┠ࡘ 4 m ㏆ࡃ㐩ࡋ㸪ἢᓊపᆅࡢᾐỈࡣ 80%

⛬ᗘ࡛ࡓࡗ࠶㸬ࡽࡉ㸪ୗ༙ᓥ㒊ࢆ㝯㉳ࡓࡏࡉ᥎ᐃࡿ࠸࡚ࢀࡉᾏᗏά᩿ᒙᆅ㟈ࡿࡼὠἼࡢἼ

ࡀ㸪᭱Ἴ㧗ࡣ࡛ࣝࢹࣔ※ 2 mࢆ㉺࠼㸪ἢᓊపᆅࡢᾐỈࡀ 25㸣ᮍ‶࡛ࡓࡗ࠶㸬 

௨ୖࡾࡼ㸪17 ୡ⣖༓ᓥᾏ⁁ࡽ᪥ᮏᾏ⁁㒊ࢆἼ※ᇦ࡚ࡋⓎ⏕ࡓࡋὠἼࡣ㸪ᮏ◊✲࡛ィ⟬ࡓࡋ

ࡣ㸪⌧Ⅼ࡛ࡀࡓࡗ࡞ࡽ᫂ࡀࡇࡿࡍ㐩฿㛵᰿ࡓࢀࡉㄆ☜ࡀ≀✚ὠἼሁ࡚࠸࠾࡚ࣝࢹࣔ

17 ୡ⣖ὠἼ 1611 ᖺ㛗ὠἼྠࡢᛶࡣ࡚࠸ࡘ᫂࠸࡞࠸࡚ࡁ࡛ࡣࡇࡿࡍࡽ㸬ᚋࡣ㸪㛵᰿

ࡢὠἼሁ✚≀ศᕸࢆࢱ࣮ࢹࡢᐇࡿࡏࡉඹ್ᩘィ⟬⤖ᯝࡢẚ㍑࠸⾜ࢆ㸪ୗ༙ᓥ㒊く᮶

 㸬ࡃ࠸࡚ࡋᐃ≉ࢆ※ἼࡢὠἼࡓࡋ

 

ᩥ ⊩ 

Baba, T., Takahashi, N., Kaneda, Y., Ando, K., Matsuoka, D. and Kato, T., 2015, Parallel implementation of 

dispersive tsunami wave modeling with a nesting algorithm for the 2011 Tohoku tsunami. Pure and Applied 

Geophysics, ���, 3455–3472. 

ᒸᮏ⾜ಙ㸪⾜㇂భ୍㸪2011㸪17 ୡ⣖Ⓨ⏕ࡓࡋ༓ᓥᾏ⁁ࡢ㐃ືᆺᆅ㟈ࡢ᳨ウ㸬ά᩿ᒙ࣭ྂᆅ㟈◊✲

ሗ࿌㸪11㸪15–20㸬 
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Goto, K., Okada, K., and Imamura, F., 2009, Characteristics and hydrodynamics of boulders transported by 

storm waves at Kudaka Island, Japan, Marine Geology, 262, 14–24. 

Minamidate, K., Goto, K., Watanabe, M., Roeber, V., Toguchi, K., Sannoh, M., Nakashima, Y., Kan, H., 2020, 

Millennial scale maximum intensities of typhoon and storm wave in the northwestern Pacific Ocean inferred 

from storm deposited reef boulders, Scientific Reports, 10, 7218 
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▼ⱥࡢ㓟⣲✵Ꮝୖࡓ࠸⏝ࢆ㒊ⓑள⣔ Nemegtᒙࡢᒙᗎゎᯒ 

Stratigraphic assignment of the upper Cretaceous Nemegt Formation using oxygen 
vacancies in quartz grains 

㧘ᶫຬே㸦ᒸᒣ⌮㸧࣭ ⥙ᮏ┿ዉ㸦ᒸᒣ⌮㸧࣭ ㇏⏣᪂㸦ᒸᒣ⌮㸧࣭ Khishigjav Tsogtbaatar㸦ࣔࣥࢦ

ࣝ⛉Ꮫ࣮࣑ࢹ࢝㸧࣭ Buyantegsh Batsaikhan㸦ࣔࣥࣝࢦ⛉Ꮫ࣮࣑ࢹ࢝㸧࣭ ᐇྜྷ⋞㈗㸦ᒸᒣ⌮㸧 

Hayato Takahashi (Okayama Univ. Sci.)ʀMana Amimoto (Okayama Univ. Sci.)ʀShin Toyoda 

(Okayama Univ. Sci.)ʀKhishigjav Tsogtbaatar (Mongolian Academy of Science)ʀBuyantegsh 

Batsaikhan(Mongolian Academy of Science)ʀMototaka Saneyoshi (Okayama Univ. Sci.) 

㐃⤡ඛ㸸㧗ᶫຬேʤg19gm05th@ous.jpʥ 
1.ͺͣΌͶ 

 ϠϱβϩࠅβϑറͲͺɾ1920 ೧େͶࣰ͠ࢬΗͪΠϟϨΩࣙષ࢛ദؙಊԿ੶۹͖ࠬ
Δɾ༁ 100 ೧ؔͶΚͪΕࠬ͗କ͜ΔΗͱͪ͘ɿԿ੶༙͗ͪ࣎͢ɾβϑറͺ಼෨
ͶҒ͢ͱ͕Εɾ಼ຏஏΝେනͤΖԿ੶ࢊஏͳ͢ͱɾࡑݳͲࠬʀߨ͗ڂݜΚΗͱ͏Ζɿ͞
ΗΔಊԿ੶ਫ਼ସΝΔ͖ͶͤΖͪΌͶͺɾஏ͖ΔڧݻΝմੵͤΖ͞ͳ͗ՆܿͲ͍Ζɿ
͖͢͢͞ͲɾಝͶԿ੶ΝଡͤࢊΖ෨പѧܧͺɾՒࢃօΏඏԿ੶ΝΉ͵͏͞ͳ͖Δɾ೧େາ݀
ఈͲ͍Εɾ͖ͯྩා͗ 200km Ν͓ଲർࠖೋͲ͍ΖɿΉͪࡑݳྩۢͺɾ೧େΝۢ๑
͖Δߑ͠Ηͱ͏Ζɿͨ͞ͲຌڂݜͲͺɾElectron Spin ResonanceʤҐԾ ESR ͳྲྀͤʥΝ༽͏ͱɾ੶ӵ
͖Δఈ͠ΗΖોྖۯ༙༽ͳɾଲেͶ͕͜ΖۢԢ༽Νݗ౾ͤΖɿ 

ࢊཿԿ੶ΝଡڬҒͶҒ͢ɾ࠹ͲܧറͶාͤΖ෨പѧβϑࠅଲেͺɾϠϱβϩڂݜ
ͤΖ Nemegt ͳͪ͢ɿNemegt ͺɾνϩϚγΤϩηྪΏΨϩωλϝϞηྪɾঘܗॏྪٯɾύχϫγ
ΤϩηྪɾΠϱΫϫγΤϩηྪɾϭωྪΏΩϟྪͳ͏ͮͪᗣமྪɾྪڗ͵ʹଡ༹͵ౕԿ੶Νࢊ
ड़͢ɾ͞ΗΔͺธͳ߶͏ਫ਼܊ͳ͠ΗΖɿEbarthʤ2018ʥͺɾآ૮ͳڧݻݫͶخͰ͏
ͱɾԾ෨ɾ෨ɾ෨ͳۢͪ͢ɿ಼͞ɾ෨ͳ෨آ૮ͺർֳదۢ͢Ώ͚ͤɾ͘͵ڧรಊ
ΝࣖͤࠨΖʤWatabe et al., 2010; Ebarth, 2018ʥɿຌڂݜͲͺɾಝͶ Nemegt ෨ͳ෨Ν࿒ड़͢ɾ͖ͯ
ஏΝଈ๏؏͢ࡱΏͤ͏ɾβϑറೈ෨ Bugin Tsav Νڂݜଲেͳͪ͢ɿBugin Tsav Ͷ͕͏ͱɾ
Nemegt ෨ͺడآͶΞͫঘوໝ͵आߨՑઔͶΓΖآͳడآͲߑ͠ΗΖɿҲ๏ Nemegt ෨
ͺɾεʖφয়ߓਭླྀΝͳ͵͑ܗՑઔͶΓΕ࠸ͪ͢ɾ෫༟པ౭ଣྒྷ͏آ
͖Δߑ͠ΗΖʤEbarth, 2018ʥɿ  

 घ๑ڂݜ.2

ESR ͺɾ࣯ଲుࢢΝఈͤΖཀྵద͵घ๑Ͳ͍Ζɿుࢢͺηϒϱྖ਼ࢢͶΓͮͱࣕـϠʖ
ϟϱφΝͯ࣍ɿࣕ͞ـϠʖϟϱφͺࣕͶ͖ΗΖͳࣕ͘Ͷฑ͍ߨΖ͏ͺൔฑߨ 2 ͯ
েΝκʖϜݳͳͶ͵Ζɿͯ࣍͞͞ͶଲԢͤΖҒΦϋϩάʖΝ͘Կ͠ΗɾͨΗͩΗࢢͶྖ͘
ϱ࿀ͳݼɿࣕͶฑߨͶ͍Ζుࢢηϒϱͺɾ͞ΦϋϩάʖϪϗϩࠫͶ͢͏Φϋϩάʖޭ
Ͳͺɾڂݜ (Toyoda, 2006)ɿຌݼ໒ͳڠηϒϱࢢেΝుݳয়ସͶયҢ͢ɾ͞ߨफ͢ͱൔฑٷΝࢢ
͞घ๑Ν༽͏ͱ੶ӵ E⒫dৼΝఈͤΖɿE⒫bৼͳͺɾ੶ӵ݃ধ֪ࢢો͗୦ཚ͢ɾͨۯ
෨ϗʖͺɾۯોำΔ͓ΔΗͱ͏Ζয়ସ͞ͳͲ͍Ζ(Silsbee, 1961)ɿ੶ӵ͗ࢢͶଲు
νતٶ;ΪϱϜતͶΓͮͱਫ਼͠ΗΖ(Toyoda et al. 2005)ɿ͞Γ͑Ͷਫ਼͠ΗͪોྖۯΝ ESR ͳ
͏ͮͪघ๑Ν༽͏ͱఈͤΖ͞ͳͲɼஏͶΉΗΖ੶ӵָ߯దಝΝΔ͖ͶͲ͘Ζɿ͞
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Γ͑͵ಝ͖ΔɾΉΗΖ੶ӵҩ͏ΝΔ͖ͶͤΖ͞ͳͲɾஏଲർΉͪͺಝఈ༙༽Νݗ
౾ͪ͢ɿ͵ ͕ɼ੶ӵΝ༽͏Ζͺɼർֳద͚߁ஏͶΉΗΖ͞ͳ͖ΔɾΓΕ߁ҕ෨പѧܧ
Ԣ༽ΝغଶͲ͘Ζ͖ΔͲ͍ΖɿΉͪɾཽܚͶΓΕӣ൘ʀգఖ͗ҡ͵Ζ఼Νྂ͢ߡɾFʤ250ʛ125

Иm)ɾMʥ500~250Иm)ɾCʤ1000~500Иm) 3 ஊͶΖ͏ͪ͜͢Ͳɾ੶ӵ֦झபड़ۂࡠΝࣰ
ɼՅ೦͢ͱޛͺɾЏતΝলࣻࢢɿபड़͠Ηͪ੶ӵཽͪ͢ࢬ ESR ͶΓΕఈͤΖ͞ͳͲ ɾE1’ৼ৶
ΌͪɿຌනͲͺɾNemegtٽΝ ɾ1.3×1015[spin/g]ୱҒͳ͢ͱྖۯોΔ੶ӵౕ͖کߺ ෨͖Δ
5 ྋɾ෨͖Δࢾ 3  Ζɿͤࠄྋఈ݃ՎΝๅࢾ

3ɿ݃Վ͕Γ;ࡱߡ 

 BuginTsav ੶ӵࢾྋોྖۯͺɾNemegt ෨
Ͷ͕͏ͱฑۋ 3.0ʤF : 2.8, M : 3.2, C : 2.8ʥɾ࠹ঘ 0.8ʤF : 

1.7, M : 1.1, C : 0.8ʥɾ࠹ 6.7ʤF : 5.1, M : 6.7, C : 6.4ʥͲ
͍ͮͪɿ෨Ͷ͕͏ͱͺฑۋ 5.4ʤF : 7.0, M : 5.3, C : 4.5ʥɾ
ঘ࠹ 3.9ʤF : 6.5, M : 4.8, C : 3.9ʥɾ࠹ 7.5ʤF : 7.5, M : 

5.6, C : 5.0ʥͲ͍ͮͪɿ֦੶ӵࢾྋોྖۯΝ६
ຘͶർֳͤΖͳʤਦࢂলʥɾ෨ͳ෨ͲોྖۯͶҩ
͏͗ΌΔΗΖɿ͞ ͺɾNemegt ෨͖Δ෨
Νཽࣖͤࡋ૮รԿͳҲͤΖɿΉͪآ F ྋΊɾࢾ
ોྖۯڏಊͶҩ͏͗ΌΔΗΖɿ͞ Ηͺཽࡋ
ϕϫιη͗ଠͳͺҡ͵ΖͳմएͲ͘Ζɿ͞ Γ͑Ͷɾ੶ӵોྖۯͺɾآ૮ҩ͏Νൕӫ͢ͱ͏
Ζͳ͓ߡΔΗΖɿҲ๏Ͳޛɾࣙષ๎ࣻતͶΓΖોྖۯଁͳ͏ͮͪୌࢨఢ͠Ηͱ͏Ζ
͞ͳ͖Δɾຌ݃ՎΝ֮ఈͦ͠ΖͪΌͶͺɾ֦ ྋࣙષ๎ࣻતΝఈͤΖචགྷ͍͗Ζɿ͠ࢾ ΔͶβϑറ
ͶාͤΖଠ෨പѧܧͳർֳΝ௪͢ͱɾຌघ๑ָదմए༙༽Ν͠ΔͶݗ౾ͤΖɿ 

 ݛชߡࢂ.4

Eberth, D. A., 2018. Stratigraphy and paleoenvironmental evolution of the dinosaur-rich Baruungoyot-Nemegt 

succession (Upper Cretaceous), Nemegt Basin, southern Mongoia. Palaeogography, Palaeoclimatology, 

Palaeoecology, 494 (2018), 29-50. 

Silsbee, R. H., 1961. Electron spin resonance in neutron-irradiated quartz. Journal of Applied Physics, 32, 1459-

1462. 

Toyoda, S., 2006. Application of the ESR signal associated with oxygen vacancies in quartz to paleoenvironmental 

reserch. Engineering Geology of Japan, No. 0, 43-50, September 2006. 

Toyoda, S., Takeuchi, D., Asai, T., Komuro, K. and Horikawa, Y., 2005. Spin-spin relaxation times of the E⒫’ 
center in quartz with and without irradiation : implications for the formation process of oxygen vacancies in 

nature. Radiation Measurements, 39, 503-508. 

Watabe, T., Tsogtbatar, K., Suzuki, S. and Sanyoshi, M., 2010. Geology of dinosaur-fosil-bearing localities 

(Jurassic and Cretaceous: Mesozoic) in the Gobi Desert:Results of HMNS-MPC Joint Pleontological 

Expedition. Hayashibara Museum of Natural Sciences Resaerch Bulletin, vol. 3, pp. 41-118, March 31, 2010. 

 

ਦʁࡀखͪ͢੶ӵࢾྋોྖۯ 
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ᾏ㐨୰᪂⤫ࢶ࣋ᒙࡢࢺࢲࣅ࣮ࢱ᭷ᶵᆅ⌫Ꮫศᯒࡿࡼ㝣※᭷ᶵ≀ࡢሁ✚㐣

 ウ᳨ࡢ⛬

Sedimentary processes of terrigenous organic matter evaluated by organic 

geochemical analysis of turbidite sediments from the Miocene Abetsu Formation, 

Hokkaido, Japan 

ᮅ᪥ၨὈ࣭ἑ⏣㸦ᾏ㐨Ꮫ㸧 

 Hiroyasu Asahi, Ken Sawada (Fac. Sci., Hokkaido Univ.), 

㐃⤡ඛ㸸ᮅ᪥ၨὈ (asahi-air-25@eis.hokudai.ac.jp)  

 

 ࡵࡌࡣ .1

๓ᮇ୰᪂ୡᮎᮇ㹼୰ᮇ୰᪂ୡࡢᾏ㐨୰ኸ㒊࡛ࡣ㸪ᓥᘼ–ᓥᘼ⾪✺ࡾࡼ༡⣙ 400 km㸪ᖜᩘ 10 

kmࡿࡓࢃᆅᇦ⊃㛗࡞๓⦕ሁ✚┅㸦foreland basins㸧ࡀᙧᡂࡢࡇࠋࡓࢀࡉ⊃㛗࡞ሁ✚┅࡛ࡣᆅᇦ

౪⤥※⣔ࡣ୰ኸ༡㒊-༡㒊㸦᪥㧗ሁ✚┅㸧࡛୰ኸ㒊㸦▼⊁ሁ✚┅㸧ࠊࡾ࠾࡚ࡗ࡞␗ࡀᒌ≀⤌ᡂ○ࡾࡼ

ࡶ࠾ࡣ࡛┅✚ሁ⊀▼ࡢ୰ᮇ୰᪂ୡࠋ㸦Kawakami, 2013㸧ࡿ࠸࡚ࢀࡉ᥎ᐃࡓ࠸࡚ࡋ❧⊃ࢀࡒࢀࡑࡣ

㝣※᭷ᶵࡢ㧗➼᳜≀⏤᮶ࡣᒙࢺࢲࣅ࣮ࢱࡢࡑࠊࡋ✚ሁࡀᕝ➃ᒙࡿ࡞ࡽࢺࢲࣅ࣮ࢱሸᆺࣇࣛࢺ

࡚ࡋ༟㉺ࡀ࣒ࢸࢫࢩ✚ሁࡿࢀࡉ᥋㐠ᦙ┤ᾏὒᗏࡽ㝣ᇦࡀ≀㝣※᭷ᶵࠊࡾ࠶ࡀᚩ≉ࡴྵከ㔞ࢆ≀

ࡶᒙ࡛ࢶ࣋ࡢ┅✚᪥㧗ሁࡿࢀࡉᑐẚᕝ➃ᒙࡣࡕࡓ⚾ࠋ㸦Furota et al., 2014㸧ࡿ࠸࡚ࢀࡽ࠼⪄ࡓ࠸

᭷ᶵ≀⃰㞟㒊ࢆࡇࡿ࠶ࡀࢺࢲࣅ࣮ࢱࡴྵࢆ☜ㄆࠋࡓࡋᮏ◊✲࡛ࢶ࣋ࠊࡣᒙ࣮ࢩࢺࢲࣅ࣮ࢱࡢ

ሁ✚㐣ࡢሁ✚ᒙࡴྵᚩⓗ≉ࢆ≀㝣※᭷ᶵࠊ࠸⾜ࢆ᭷ᶵᆅ⌫Ꮫศᯒሁ✚Ꮫⓗㄪᰝ࡚࠸࠾ࢫࣥࢣ

 ࠋࡓࡋホ౯᳨࣭ウࢆ⛬

 

2. ㄪᰝᆅᇦ 

ᾏ㐨୰ኸ༡㒊ࢃࡴ⏫✑ูᆅᇦࡣ୰ᮇ-ᚋᮇ୰᪂ୡ࡚ࡅ᪥㧗ᾏ┅ሁ✚ࡓࡋ◁Ἶᒙࡀᗈࡃ

ศᕸࠋࡿ࠸࡚ࡋㄪᰝᆅᇦ࣋ࣥ࢝ࣟ࣍ࡢἑࢶ࣋ࡣᒙ㸦⢒⢏◁ᒾᒙ㸧ࠊ㢼㇂ᒙ㸦⣽⢏◁ᒾᒙ㸧ࡀ

㟢ฟࠋࡿࡍሁ✚ᖺ௦ࡣᨺᩓࢶ࡚࣋ࡗࡼᒙࡣ 15.3 - 12.5Maࠊ㢼㇂ᒙࡣ 12.5 - 9.7Ma᥎ᐃࢀࡉ

 ࠋ1992㸧 ,㸦ᔢᓚᒣࡿࢀࡉᑐẚᕝ➃ᒙࡢኤᙇᆅᇦࡣᒙࢶ࣋ࠋ㸦ᮏᒣ࣭ᕝᮧ, 2009㸧ࡿ࠸࡚

 

3. ヨᩱᡭἲ 

ศᯒࢶ࣋ࡓࡋᒙࢺࢲࣅ࣮ࢱヨᩱࠊࡣୗ㒊ࡽ୰⢏◁ᒾ㒊㸦Ta㸧ࠊᖹ⾜ⴥ⌮㒊㸦Tb㸧ࢲࣅ࣮ࢱࠊ

ࡶ࠾᭷ᶵ≀㸦࡞░᫂ࡣᖹ⾜ⴥ⌮㒊㸦Tb㸧࡛ࠋࡿࢀࡉほᐹࡀ㐲ὒᛶἾᒾ㒊㸦E㸧༙ࠊἾᒾ㒊㸦Te㸧ࢺ

ࢲࣅ࣮ࢱࡣ᭷ᶵ≀ศᯒ࡛ࠋࡿࢀࡽぢ࡚ࡋ᭷ᶵ≀⃰㞟㒊ࡢ㯮Ⰽࠊ࡚࠸࡚ࡋⓎ㐩ࡀ⌮ⴥࡿࡼᮌ∦㸧

࡚ࡋ┠╔ኚࡢሁ✚ᵓ㐀ࢆヨᩱࢺ ࣥࢧࡓࡋศࠋࡓࡋศ࡚࠸⏝ࢆ࣮ࢱࢵ࢝⏝▼ᒾࢺࢵࢽ8ࣘ

 ࠋࡓࡗ⾜ࢆศᯒ࣮࣮࣐࢝࢜ࣂࡾࡼGC/MSࠊࡋᢳฟࢆ㐟㞳ែᡂศࡾࡼ᭷ᶵ⁐፹ࡣࣝࣉ

 

4. ⤖ᯝ⪃ᐹ 

ࠊ㸧ࢻࣀ࣌ࣝࢸࢪᏊ᳜≀ᡂศ㸦〄ࠊ࡚ࡋ࣮࣮࣐࢝࢜ࣂ※㝣ࡿࢀࡲྵࢺࢲࣅ࣮ࢱᒙࢶ࣋
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⿕Ꮚ᳜≀ᡂศ㸦ࢻࣀ࣌ࣝࢸࣜࢺ㸧ࡧࡼ࠾㈋㓟⣲⎔ቃୗ࡛ᚤ⏕≀ศゎࡓࡅཷࢆ⿕Ꮚ᳜≀ᡂศ㸦des-A

㈋㓟⣲ࡢ࡞ཎ‵ࡣᏊ᳜≀ᡂศ⿕ࡓࡅཷࢆᚤ⏕≀ศゎࠋࡓࢀࡉฟ᳨࡚ࡋせᡂศࡀ㸧ࢻࣀ࣌ࣝࢸ

⎔ቃ࡛ࡢሁ✚ࢆ⤒㦂ࡓࡋ᭷ᶵ≀ࡢᣦᶆ࡚ࡋࡿࡍࡇ࠺㸦ᮅ᪥࣭ἑ⏣, 2019㸧ࠋ 

〄Ꮚ᳜≀ᡂศᚤ⏕≀ศゎࡓࡅཷࢆ⿕Ꮚ᳜≀ᡂศࢆࢫࣥࢣ࣮ࢩࡣ㏻⃰ࡰ࡚ࡋᗘኚࡗ࡞ࡀ

≉ࠋࡓࡗࢃࡀࡇࡿࢀࡲྵᒙ㒊(Ta-Tb)࡛㧗⃰ᗘ◁ࠊࡋኚ᭷ពࡣᏊ᳜≀ᡂศ⿕ࠊࡀࡓ Tbࡢ

᭷ᶵ≀⃰㞟㒊᭱ࡀ್ࢶ࣋ࠊࡋ♧ࢆᒙࢆࢺࢲࣅ࣮ࢱࡢᙧᡂࡓࡋΰ⃮ὶࡣ⿕Ꮚ᳜≀ᡂศࡀከ㔞

᳃ᯘࡢᒣ㛫㒊ࠊ࡚ࡋせᅉࡓࢀࡉ㧗⃰ᗘ᳨࡛ฟࡀࡳࡢᏊ᳜≀ᡂศ⿕ࡢࡇࠋࡿࢀࡽ࠼⪄ࡓ࠸࡚ࢀࡲྵ

ᆅᖏࡽᶞᮌ㉳※ࡢ᭷ᶵ≀ࡀ㐠ᦙࡀࡇࡓࢀࡉ᥎ᐹ୍ࠋࡿࢀࡉ᪉ࠊኤᙇᆅᇦࡢᕝ➃ᒙࢲࣅ࣮ࢱ

ࡶᏊ᳜≀ᡂศ〄ࠊᏊ᳜≀ᡂศ⿕ࡣ࡛ࢺ Tc㒊࡛⃰㞟≉ࠊࡀࡿࡍᚤ⏕≀ศゎࡓࡅཷࢆ⿕Ꮚ᳜≀ᡂ

ศࡀ㧗⃰ᗘ࡛ྵࡾ࠾࡚ࢀࡲ㸦Furota et al., 2014㸧ࢶ࣋ࠊᒙ࡛ࡢ⤖ᯝࡾ࡞␗ࡣ‵ཎᇦ࡞࠺ࡼࡢ⎔ቃ

࡚ࡋ㐠ᦙࢆ≀᭷ᶵࡽ※⤥㝣ᇦ౪ࡢᩘ「ࡣ࡛ࢺࢲࣅ࣮ࢱᕝ➃ᒙࠋࡿࢀࡽ࠼⪄ࡀࡇ࠸㧗ࡀᐤࡢࡽ

࡚ࡵ༨ࢆ㒊ศࡢ≀᭷ᶵࡀᏊ᳜≀ᡂศ⿕ࡣ࡛ࢺࢲࣅ࣮ࢱᒙࢶ࣋ࠊࡋᑐࡢࡿࢀࡉ၀♧ࡀࡇࡿ࠸

࠼⪄ࡓࢀࡉᙧᡂࡾࡼΰ⃮ὶࡘᣢᚋ⫼ᆅࢆὶᇦ࠸⊂ࡾࡼࡿࡍẚ㍑ࢺࢲࣅ࣮ࢱᕝ➃ᒙࠊࡾ࠾

 ࠋࡿࢀࡽ

ホ౯ࢆ㝣/ᾏ㉳※᭷ᶵ≀ẚࡓ࠸⏝ࢆ㸧⤌ᡂࣥࣛࢸࢫ㸦ࢻࣟࢸࢫ࡚࠸࠾ࢫࣥࢣ࣮ࢩࢺࢲࣅ࣮ࢱ

ࢆྜ࠸㧗ࡀ≀㝣㉳※᭷ᶵ࡚ࡅᒙ㒊㸦Ta-Tb㸧◁ࠊࡣ࡛ࣝࣇࣟࣉࡢᣦᶆࣥࣛࢸࢫࡢࡇࠋࡓࡋ

ࠋࡓࢀࡽぢࡀഴྥࡿࡍቑຍᛴ⃭࡚ࡗྥ᪉ୖࡀྜࡢ≀ᾏᡂ㉳※᭷ᶵࡣἾᒙ㒊㸦Te㸧࡛ࠊ᪉୍ࡍ♧

ᣦᶆ㸦Pr/Phẚ㸧ࣥࢱࣇ/ࣥࢱࢫࣜࣉࡍ♧ࢆ⋠ᐤࡢ≀㝣※᭷ᶵࡧࡼ࠾㓟㑏ඖࠊࡣഴྥ࡞࠺ࡼࡢࡇ

⣽⢏㒊ࡶ࡛ࣝࣇࣟࣉᡂ⤌ࣥࣛࢸࢫࡿࡅ࠾ࢺࢲࣅ࣮ࢱᕝ➃ᒙࠋࡿࢀࡽぢᵝྠࡶᯝ࡛⤖ࡢ

ᾏᡂ㉳※᭷ᶵ≀ࡢྜࡀቑࡍഴྥࡀぢࢶ࣋ࠊࡀࡿࢀࡽᒙࡣᕝ➃ᒙࡽࡉࡶࡾࡼ㢧ⴭ࡞ኚࡀぢࢀࡽ

ሁࡢ≀ᾏᡂ᭷ᶵࡃ㧗ࡀ⏘⏕≀⏕ᾏὒࡣ࡛┅✚᪥㧗ሁࡢᒙሁ✚ࢶ࣋ࠊ࡚ࡋ⏤⌮ࡢࡇࠋࡿ࠼࠸ࡿ

✚㔞ࡀከࡾࡼࡣࡓࡲࠊࡓࡗ῝ᾏᇦ⨨࡚ࡋᾏᡂ᭷ᶵ≀ࡢሁ✚ࡢᐤࡀ㧗ࡀࡇࡓࡗ᥎ ࠋࡿࢀࡉ

ࡀ࣒ࢸࢫࢩ✚ሁ࡞࠺ࡼࡿࢀࡉ㐠ᦙ᥋ⓗ┤ࡀ≀㝣※᭷ᶵࡽ㝣ᇦ࡞࠺ࡼࡿࢀࡽᕝ➃ᒙ࡛ぢࠊࡣ࠸ࡿ࠶

㇂㢼ࡿࡍ⨨ୖࡢࡑࡸᒙࢶ࣋ࡽࡉࠊᚋࠋࡿࢀࡽ࠼⪄ࡶᛶ⬟ྍࡓࡗ࡞࠸࡚ࡋⓎ㐩ࡉ

ᒙࡢ࡞ሁ✚Ꮫㄪᰝ᭷ᶵ≀ศᯒࢆ㐍ࠊ࡚ࡵ᪥㧗ሁ✚┅ࡢሁ✚ࢢࣥࢸࢵࢭሁ✚᭷ᶵ≀┦ࡾࡼࢆ⣔

⤫ⓗඖࡃ࠸࡚ࡋணᐃ࡛ࠋࡿ࠶ 

 

ᩥ⊩ 

ᮅ᪥࣭ἑ⏣, 2019, ࢺࣥ࣋ሁ✚≀୰ࡢ⎔ᵓ㐀ࡀῶᡂࡢࢻࣀ࣌ࣝࢸࣜࢺࡓࢀࡉGC-MSゎᯒ. Res. Org. 
Geochem, 35, 55 – 72. 

Furota S., Sawada K. and Kawakami G. 2014 . Evaluation of sedimentary processes of plant particles by gravity 
flow using biomarkers in plant fragment-concentrated sediments of a turbiditic sequence in the Miocene 
Kawabata Formation distributed along the Higashiyama-gawa River, Yubari, Hokkaido, Japan. Res. Org. 
Geochem, 30, 9–21. 

Kawakami, G., 2013, Foreland Basin at the Miocene Arc-Arc Junction, Central Hokkaido, Northern Japan. In Ito, 
Y., ed., Mechanism of Sedimentary Basin Formation–Multidisci- plinary Approach on Active Plate 
Margins, InTech, 131– 152. 

ᮏᒣ ຌ࣭ᕝᮧዲẎ, 2009, ᾏ㐨✑ูᆅᇦࡢ୰᪂⤫ࡢᆅ㉁ᨺᩓ▼ᒙᗎ. ࢃࡴ⏫❧✑ู༤≀㤋

◊✲ሗ࿌, 24, 1-18. 
ᔢᓚᒣ ✚࣭ಖᰗᗣ୍࣭ᐑᆏ┬࿃, 1992,  ୰ኸᾏ㐨᪥㧗ᾏᓊᆅᇦࡢ᪂➨୕⣔⌛⸴ ⏕ᒙᗎ⢒⢏ሁ✚

 ᙧᡂᮇ㸬ᆅ㉁Ꮫ㞧ㄅ, 98, 309–321䠊ࡢ
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´ĵ7ŗSWZAƉ���ĐçIVYĖ7~MYð§K¾Ū�EĒŞ6WƄĉíNJĒZ[į?Ɖ;Z

KƄĉíEJĬĮJ�ÔJ~MYð§FTV8¥Ŋ?YƉ����ĉíJrŀÌńďÌJōžIKƇť

ÖõJ½ëÐJĒŞJð§IÙŌHĖFÑÎJ¾Į7´ĵ=AƄĉíN§63ĖJƇƋĴƁ7ŗSW
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Sedimentary features of the 17th century tsunami deposits 

recognized on the Yufutsu Plain, Hokkaido, Japan 

 

㧘ΎỈᗣ༤㸦᪂₲Ꮫ㸧࣭すᮧ⿱୍㸦ᾏ㐨Ꮫ㸧࣭ᒾᇛ᪸ᖹ㸦᪂₲Ꮫ㸧 

Yasuhirou Takashimizu (Niigata Univ.), Yuichi Nishimura (Hokkaido Univ.), Kohei Iwaki (Niigata Univ.) 

㐃⤡ඛ㸸㧘ΎỈᗣ༤ (takashimi@ed.niigata-u.ac.jp) 

 

㸯㸬ࡵࡌࡣ�

� ἢᓊపᆅࢆ㐳ୖࡿࡍὠἼሁ✚≀ࡢᒙཌࡸ⢏ᚄࡣከᑡࡢኚࢆకࡘࡘ࠸㸪ᒁⓗࡣෆ㝣ⷧᒙ㸪

⣽⢏ࡿࡍഴྥࡀࡇࡍ♧ࢆከ࠸㸦1DNDPXUD� HW� DO��� ������ 6]F]XFLĔVNL� HW� DO��� ������ 7DNDVKLPL]X� HW� DO���

2012㸧㸬ࡣࢀࡇὠἼࡀἢᓊపᆅࢆ㐳ୖࡇࡿࡍక࠺ὶ㏿ῶᑡࡢࡶࡿࡼゎ㔘ࡿࢀࡉ㸬ຬᡶᖹ㔝ࡢ

ἢᓊపᆅࢆ㐳ୖࡓࡋ 17 ୡ⣖ὠἼሁ✚≀ࡓࡲࡶෆ㝣ⷧᒙ㸪⣽⢏࡛ࡇࡿࡍ≉ᚩ࡙ࡉࡿࢀࡽࡅ

ࢆ㏵୰࡛ᪧἙᕝὶ㊰㸦㸽㸧ࡣ⥺ ㄪᰝࡓࡋタᐃࡓ㸪2007, 2013㸧㸬୍᪉㸪ᅇ᪂㸦㧘ΎỈࡓࢀ

ᶓ᩿ࡵࡓࡿࡍ㸪ᚑ᮶ࡢㄪᰝሗ࿌ẚ㐳ୖ࣮ࣝࡿࡅ࠾ࢺᆅᙧࡢ㉳అ࠸ࡋ⃭ࡀ㸬ᮏሗ࿌࡛ࡣἙᕝὶ㊰

 㸬ࡿࡍሗ࿌ࢆ㒊୍ࡢࡑ㸪࡛ࡢࡓࡋウ᳨ࢆᙳ㡪ࡓ࠼≀✚ሁࡀὠἼࡓࡋᶓ᩿ࢆ

�

㸰㸬᪉ἲ�

タᐃࡓࡋㄪᰝ ⥺ୖ࡛⣙ 50 m 㛫㝸࡛ࡓ࠸⏝ࢆ࣮ࢧࣛࢫ࢜ࢪࢹࣥࣁࡧࡼ࠾࣮ࣛࢥࢹࣥࣁ᥀

๐ㄪᰝ㸪ࡧࡼ࠾ᆅᙧ 㔞ࡓࡗ⾜ࢆ㸬࡛ୖࡢࡑ㸪ὠἼሁ✚≀ࢆᣳᅾࡿࡍᒙ‽ࡢᐃ᪉ᨩヨᩱࣛࣉࢆ

ࡧࡼ࠾グ㍕㸪┿ᙳ㸪ࡢᒙཌࡧࡼ࠾┦㸪ᒙࡋᚋ㸪ᐇ㦂ᐊ࡛ᩚᙧࡢࡑ㸬ࡓࡋ᥇ྲྀ࡛ࢫ࣮ࢣࢡࢵࢳࢫ X

⥺ CT ⏬ീྲྀࡢᚓࡓࡗ⾜ࢆ㸬ࡓࡲヨᩱࡢ⢏ᗘ⤌ᡂࢆ 1 cm ᅇᢡ࣭ᩓᘧ⢏ᗘศ࣮ࢨ࣮࡛ࣞࣝࣂ࣮ࢱࣥ

ᯒ⨨ࡾࡼ ᐃࡓࡋ㸬 

�

㸱㸬⤖ᯝ⪃ᐹ�

࠙ᒙ┦ࠚ⣽㹼୰⢏◁ࡾ࡞ࡽ㸪⢏ᚄࡢ㐪ࡢᩘ「ࡽ࠸ሁ✚ࣘࡾࡼࢺࢵࢽᵓᡂࡓ࠸࡚ࢀࡉ㸬ࣘࢺࢵࢽ

᭱ࡣᾏഃ࡛ࡣ 4 ࡣ㸪᭱ዟ㒊࡛ࡋῶᑡࡀᩘࢺࢵࢽࣘࡣ㸪ෆ㝣࡛ࡀࡓࡵㄆࢆࢺࢵࢽࣘ 1 ࡗ࠶࡛ࢺࢵࢽࣘ

㸬࠺ࢁ࠶ᚲせ࡛ࡀ㸪ᚋ᳨ウࡀ࠸࡞ࢀࡋࡶࡿ࠸࡚ࡋ♧ࢆἼᩘࡢὠἼࡿࡍ㐳ୖࡣኚࡢᩘࢺࢵࢽ㸬ࣘࡓ

ᇶᗏ㠃ࡣᾏഃ࡛ࡣつ๎ᙧ≧࡛ࡾ࠶㸪ෆ㝣࡛࡞ࣉ࣮ࣕࢩࡣቃ⏺ࡣࡓࡲ᫂░ቃ⏺ኚࡓࡋ㸬ᾏ

ഃ࡛ࡣὠἼሁ✚≀ࡢᇶᗏ㠃ୖࡸሁ✚≀୰㒊㐳ୖὠἼྠࡿࡼ㣗ἾⅣ⃰ࡢ㞟ᒙࡃࡼࡀⓎ㐩࠸࡚ࡋ

 㸬ࡓࢀࡉゎ㔘ࡢࡶࡿࡼࢀὶ࡞㣗ⓗ࠸ᙉࡢᾏഃ࡛ࡣࡽࢀࡇ㸬ࡓ

࠙ᒙཌࠚᪧἙᕝὶ㊰ࡢᾏഃ࡛ࡣ⣙ 5-7 cm ࡢ㸬ᪧἙᕝὶ㊰ࡓࡗ࠶ᒙཌ࡛ྠࡰࡢࡢࡶࡿ࠶ࡣࡁࡘࡽࡤ࡛

୰࡛ࡣ⣙ 10cm ⛬ᗘࡢཌࡓࡗ࠶ࡀࡉ㸬ᪧἙᕝὶ㊰ࢆᶓ᩿ᚋ㸪ࡕࢃ࡞ࡍὶ㊰ࡢ㝣ഃ࡛ࡣෆ㝣࡚ࡅྥ⣙

200 m ⠊ᅖ࡛⣙ࡢ 5 cm ⣙ࡽ 2 cm ᚋ㸪⣙ࡢࡑ㸪ࡀࡓࡋᒙⷧ 400 m ⣙ࡣ⠊ᅖ࡛ࡢ 2㹼3 cm ⛬ᗘ

୍࡛ᐃࡢཌࡓࡋ♧ࢆࡉ㸬ࡕࢃ࡞ࡍ㸪ὠἼሁ✚≀ࡢᒙཌࡀᆅᙧࡢพ㒊࡛ཌࡣࡇࡿ࠸࡚ࡗ࡞ࡃ㸪ᆅᙧࡢ

พฝᙉࡃᙳ㡪ࡓ࠸࡚ࡋ♧ࢆࡇࡿࡅཷࢆ㸬 
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Fig. 1 X⥺ CT⏬ീ䛛䜙ᵓ⠏䛧䛯ὠἼሁ✚≀ᇶᗏ㠃ᙧ≧䛾ほᐹ 

࠙⢏ᗘ⤌ᡂࠚ௦⾲⢏ᚄ್ࡣㄪᰝ ⥺ࡶ᭱ࡢᾏഃࡢ⣙ 100 m ࡾࡼࢀࡑ㸪ࡀࡓࡋ♧ࢆ⠊ᅖ࡛⣽⢏ഴྥࡢ

㝣ഃ࡛ࡣ㢧ⴭ࡞ኚࡓࡗ࡞ࡉ♧ࢆ㸬ࡓࡲ㸪Ἑᕝὶ㊰ࡢᶓ᩿ᆅᙧࡢᙳ㡪ࡣㄆࡓࡗ࡞ࢀࡽࡵ㸬୍᪉㸪

ㄪᰝ ⥺ࢆ㏻࡚ࡋ 10㸣✚⟬⢏ᚄ㸪90㸣✚⟬⢏ᚄࡣ㸪ࢀࡒࢀࡑ⣽⢏㸪⢒⢏ࡿࡍഴྥࡓࡋ♧ࢆ㸬௦⾲

⢏ᚄ್ኚࡀぢࡣࡇࡓࡗ࡞ࢀࡽ㸪୧⪅ࡢ⢏ᚄኚࡀࡃ㏫ࡢഴྥ࡛ࡀ್ࡵࡓࡿ࠶┦ẅ࡚ࢀࡉ

ࡲ࠺ࢆ∦≀᭷ᶵ๓ฎ⌮ࡢヨᩱࡢ⏝㸪⢏ᗘศᯒࡣཎᅉࡢࡇ㸬࠸࡞ࢀࡋࡶࡢࡶࡿࡼࡇࡓࡗࡲࡋ

 㸬ࡿ࠸࡚࠼⪄ᚲせࡀ㸬ᚋ㸪᳨ウࡿ࠶ࡀᛶ⬟ྍࡿࡼࡇࡓࡗ࡞ฟ᮶ࡀࡇࡃ㝖ࡾྲྀࡃ

࠙X ⥺ CTࠚㄪᰝ ⥺ἢ࡚ࡗ᥇ྲྀࡓࡋ 21 ヨᩱࡢὠἼሁ✚≀ࡢ X ⥺ CT ⏬ീࡧࡼ࠾ CT ᆶ┤ኚືࡢ್

ᢕࢆᚩ≉ࡢᛶ≀ࡧࡼ࠾༊ศ㸪᰿㸪᳜≀∦⃰㞟ᒙ㸪ࢺࢵࢽࣘ✚㸪ᇶᗏ㠃ᙧ≧㸪ሁࡣࡽᚩ≉ࡢࣇࣛࢢ

ᥱࡓࡋ㸬ࡓࡲ㸪⫗║࡛◁⢏Ꮚࢆ☜ㄆ࠸ࡽ࡙ࡋᒙ‽࡛ࡸ◁ࡶ࡚ࡗ࠶Ἶ⢏ᏊࡢᏑᅾࢆᐜ᫆☜ㄆ࡛ࡓࡁ㸬

3D  㸬ࡿ࠶ணᐃ࡛ࡿࡍウ᳨ࡶᙧែᏛⓗศ㢮ࡢᆅᒙࡿࡼウ㸦Fig. 1㸧᳨ࡢࣝࢹࣔ
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ᄯ३গঞش३ঙথ৷ड़شউথ९ش५९ইॺक़ख़॔ WXUE�G

$Q RSHQ VRXUFH VRIWZDUH ³WXUE�G´ IRU QXPHULFDO VLPXODWLRQ RI WXUELGLW\ FXUUHQWV

ਛ ੪قপ৾؞৶ك

+DMLPH 1DUXVH �.\RWR 8QLYHUVLW\� *UDGXDWH 6FKRRO RI 6FLHQFH�

৴൪؟ਛ ੪�REVYWI$OYITW��O]SXS�Y�EG�NT�

মदमᄯभਯக३গঞش३ঙথ॑ষअञीपৗञप৫खञड़شউথ९ش५९ইॺक़

ख़॔ XYVF�Hपणःथງஂघॊ؝ऒभ९ইॺक़ख़॔मભਔभ �ઃ੪दᄯ॑েऔचोऋ

ਤষघॊ॑ગਠघॊऒधऋदऌॊ؝ऽञॱشঅॲॖॺभಽௐীഘृᄯपेॊ୫॑ੑ

घॊऒधुदऌॊ؝ৰभఏৈॹشॱ॑ +)38-**ૄऊैഭाढथੑपઞ৷घॊऒधुद

ऌॊखযੵऩ॑৷ਔखथਯகৰୡ॑ষअऒधुदऌॊ؝९ش५॥شॻम +MX,YF

�LXXTWق��KMXLYF�GSQ�REVYWILENMQI�XYVF�Hك�दਁ৫औोथउॉၴदुॲक़থটشॻखथਹ৷घॊऒधऋ

লਟॊेअपऩढथःॊ؝

ਯகঔॹঝभਏमਰৣभधउॉदँॊ؝XYVF�Hद৷ःैोॊᄯঔॹঝमڮઃ੪ฒ্ஙૄप

੦तःथउॉᇊभఋ؞৴ষ৷ृఢ೧৬भ৴ষ৷मৰୡपेढथीैोञ৽ୡঢ়ਯ

पेढथੑघॊ؝৽ୡঢ়ਯमളਯभुभऊै৷ಥੑقৌभ५ॣشঝऩनكप়ॎचथ৭උ૭

ચदँॊ؝ਯகੑ५य़شम ''94১॑৷ःथःॊق=EFI IX EP�� ���ऒभঔॹঝदघऩॎठ؝ك�

म੦ຊૄ॑धశपীસखम '-4১उेल 6�'-4১॑৷ःथੰऎऒधद�ઃಖ

২भੑ॑ষढथःॊ؝శपঢ়खथमಓৡඨ॑ 4SMWWSR্ஙૄपఌखੰྔ১दੰऎ؝ो

भ [IX�HV]ੀपणःथमᆢऺऊك����قभ௭ী১॑৷ःञ؝औैपমঔॹঝदम

.EQIWSR IX EP� ����� भযੵའਙ॑৷ःथੑभ৲॑ढथःॊ؝উটॢছम 4]XLSRदછऊोथ

उॉਯகੑছॖঈছজ RYQT]भঋॡॺঝ॑ਹ৷खथःॊ؝

XYVF�Hपेॊ३গঞش३ঙথभधखथਕಮబ؞মਲདྷपउऐॊপૠெऩ१ش४ᄯ

ਕऽङ؝ᇊᅈೲ॑ெखञযੵदभ৴ਢᄯभੑટ॑ંघ؞उेलਲೲદكڭਸ਼ق

؝ڭWXUE�Gपेॊਕಮబ؞মਲདྷभਲೲએपउऐॊᄯभ३গঞش३ঙথ؝ಮྕ

भ३شॺ૾ᄯऋളਯभ१ش४पীຝखथએ॑ोৣॊऋગਠऔोथःॊ؝
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ಮబ؞মਲདྷदभदमূ৽ ������±���� ਨ༬ ���±�����भ೧भયୠ॑৭॒दੑ॑ষढञ؝

ॹشॱमমਲஞॹشॱ७থॱشभ ��� Pওॵ३গॹشॱ॑ઞ৷खथःॊੑ؝भੂ੯ध

खथৈऔ ��� Pઉྫྷ �� NPभ೧प෯২ ၄ྫྷ؞�� �� PPभᇊऋฉखञ૾ய॑ਝखञ؝

ऒोम����ফূਨ্బ୬ஞஸణपेढथᇊऋඕऌऑैोᄯऋেखञ૾ய॑୳

खथःॊق$UDL HW DO�� ᄯऋೲએ॑୫खणणਸசखथমਲདྷषोिभટੑ؝ك����

ऋગਠऔोञ؝ਲೲએपमളਯभ৵ૠெऩਲೲદऋखथःॊञीಮྕदम३شॺ૾

टढञᄯऋীસऔोളਯभ൙૾भ१ش४धखथोৣॊऋ௴औोॊقਸ਼ڭ؝ك্

ਲೲદ؞ᇊᅈೲ॑ெखञਯகৰୡदमশऔ �� P் � Pभੑય॑ਝखഈऊै � P

ਡऽदमએप ��भᐉଦ॑णદ૾॑ढञ؝� Pेॉुৣડम৸पᎉऩधखथ

ःॊ؝ऒभੑયभഈऊैௐऔ �� FP؞ச �� FP�V؞෯২ � ၄ྫྷ؞� �� PPभᄯ॑৴

ਢपলऔचਛऔोॊᇊ॑௴खञ؝जभટᇊᅈೲपটشঈ૾भॱشঅॲॖॺऋ
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About the definition of the classification of clastic grains: 

whether the grains of 2 mm in diameter are gravel or sand 
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Depositional systems and basin tectonics in Middle to Upper Miocene in the 

southmost part of the Shin¶etsu basin, Northern Fossa Magna, central Japan 
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