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Fig. 2.  Locations of the uppermost Pleistocene to Holocene drilling cores in the Ishikari Plain. 
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Fig. 3.  Stratigraphies for drilling cores in the Ishikari Plain (Sagayama et al., 2013) with salinity indexes and 

radiometric ages. Locations of sections are shown in Fig. 2. Blue broken line: maximum stage of salinity (MSS), 

and red broken line: temporary decrease of salinity (TDS). 
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Fig. 4.  Geologic column with radiometric ages 

and sampling horizons, and salinity index of 

UH-SRN-1 in the Sarufutsu River vally 

(Sagayama et al., 2018a). MSS: Maximum stage 

of salinity, and TDS: Temporary decrease of 

salinity. 

Fig. 5.  Geologic column with radiometric ages and 

results of diatom analysis of Pt1 in the Shari Plain 

(Kodaira, 1996). 
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Fig. 6.  Geologic column and results of diatom analysis of GS-KZ-1 in the Nobi Plain (Yamaguchi et al., 2003).  
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   Salinity index obtained from diatom analysis for the latest Pleistocene to Holocene deposits 

indicates relative salinity levels of water in which diatoms were living, and is assigned from 5 

(composed of marine diatoms) to 1 (composed of freshwater diatoms). Diatom analyses have 

revealed the maximum stage of salinity (MMS) and temporary decrease of salinity (TDS) followed 

by MMS for the Ishikari Plain (IS, TK, H16B-3, GS-HTB and RS), Sarufutsu River vally 

(UH-SRN-1), Shari Plain (Pt1) and Nobi Plain (GS-KZ-1). MMS is assigned to the highest sea level 

of the Holocene transgression, ca 6,900 cal BP, and a preceding small regression event (TDS). TDS 

is placed chronologically under MMS, and having possibility to be equal to the 8.2 ka event revealed 

by ice-core record of Greenland. Salinity index provides a useful tool to global correlation of the 

Holocene deposits.  

Abstract 



 

10 

 北海道からサハリンへと続く始新世深成岩類

の造構場は，現在も未解決である．我々は，始新

世深成岩類がイザナギ̶太平洋海嶺の沈み込みに

よって形成されたことを提案する．北海道北部か

らサハリンの始新世深成岩類は，アムールプレー

トの縁辺に形成された付加体に貫入している．深

成岩の年代と周辺の付加体の年代との差は小さ

く，深成岩類が前弧域に貫入したことを示唆す

る．これらの深成岩類は，北に若くなる年代トレ

ンドを示す（70 km/my）．この事実は，アムール
プレート縁辺の古海溝に沿って熱源（イザナギ̶

太平洋海嶺）が北方に移動したことを示唆する．

北海道南部（日高変成帯）の始新世深成岩類は，

オホーツクブロック縁辺の付加体中に貫入した．

この地域の深成岩類が北海道北部̶サハリンの年

代トレンドから外れるのは，形成場が違った為と

考えられる．本論では，さらに環オホーツク海地

域の後期白亜紀̶古第三紀発達史のなかでの海嶺

沈み込みの役割を検討する．  
 

 

 

 

 

 

 

 

 
 
 
 
 
 

《総説》 
 

北海道－サハリンの始新世火成活動は海嶺沈み込みに 
起因するか？  

君波和雄 1)†・池田保夫 2) 
 

Was the Eocene magmatism in Hokkaido－Sakhalin caused by 
ridge subduction?  

Kazuo Kiminami 1)† and Yasuo Ikeda 2) 
         

   
 
2019年５月 27日受付 
2017年８月７日受理 
1) 北海道総合地質学研究センター 
 Hokkaido Research Center of Geology, 
 連絡先：753-0851 山口市黒川 807-3 
 Address: 807-3, Kurokawa, Yamaguchi   
  753-0851, Japan  
2) 連絡先：252-0206 相模原市中央区淵野辺 
 1-6-1-729 
 Address: 1-6-1-729, Fuchinobe, Chuo-ku,  
  Sagamihara 252-0206, Japan 
† Corresponding author: kimi@c-able.ne.jp 
 
Keywords: Eocene, Hidaka, Hokkaido,  
ridge subduction, Sakhaline, Sikhote-Alin 
 
 
 
 
 
 
 
 

 

 北海道の日高帯やサハリン中南部に始新世

や中新世の深成岩類類が分布することが以前

から知られており（Fig, 1），北海道におけるそ
れらの分布域に関しては，前田（1986）により 
 

 
“日高火成活動帯”と名付けられた．北海道に

おけるこの火成活動帯の始新世火成活動の造

構場については，通常の火成弧とする見解

（Komatsu et al., 1983；小松ほか，1986）と活
動的海嶺の沈み込みに起因する前弧域の火成 
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ȏè3&Jʹʼ̠ áɁ 1̢989̭ Maeda, and Kagami, 

1996̭ċȋ̢1989̭Toyoshima, 1991̡�ɚ#K

1�+̣$�$̢Ľƻ�Ȗƚś̘8˨ǩĬ9̢

�A,ǐʼȄ2�J̣Ǌˢ̢!KH8Ȗƚś̘

8ű²�̜ɰŶ2Ȅń#K+!36GI

̠Kemp et al., 2007; Jaha et al., 2014; Liao et al., 

2018; Alexandrov et al., 2018; Zhao et al., 2018, 

2019̡̢ GIɰŊ5ˌˈ�ÿʕ65.1�+̣ 

� ǒˈ29̢ǖc�oQ��ȩřŬ (East 

Sikhote
Alin Volcanic Belt=ESVB)FX��n]


l�`�qȩřŬ̠ Okhotsk
Chukotka Volcanic 

Belt=OCVB̡̢ Y�l�mY8Ǌˢ8ɓɣƚǛ

N˜A� ì̢ȕ˭3ax��8Ľƻ�Ȗƚś̘

8¸ʍ0�̢)8˨ǩĬNˌˈ&J̣Ľƻ�Ȗ

ƚś̘�ńʍ$+ĬN!!29�ìȕ˭
ax

��ȩƚȏèŬ�3ē<̣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� ǖc�oQ��ȩřŬ̠ESVB̡9̢ò8T

�dXeq]�Hì8Q���ťȈý±ˢA

2ʄŹ˽ 1,400 km6ˮ&JɈ­ɲ
¢ƻ�8ȩ

řŬ2�J̠Fig. 1̡̣ ĈȩřŬ69̢Ɉ­ɲ


Ǉƻ�8Ȗƚś3ȩřś�ų�ÙŪ&J ọ̌ˈ

29˅ǁ8ÁŅ�̢ESVBNò˳̢¢˳�G;

ì˳6íÙ&J̠Fig. 1̡̣ ƆǎɈ­ɲ�HǇƻ

�6��19̢ɑʟŃřśFȐɵś˔×Ȫś̢

S^t���Sq� ESVB ÑĨ6M+Ių�

ÙŪ&J̠ ¿�: A̢lenicheva and Sakhno, 2008; 

Grebennikov and Popov, 2014; Grebennikov et al., 

2016; Martynov et al., 2017̡̣ !KH8śɑ9̢

Ò6ȿØ&Jʜ!�ś̘33E6ȕȍ���

q8ȅBˡB6˖ě$1Ɓƚ#K+3ʑ�H

K1�J̠Jhan et al., 2015̡̣ A+̢Martynov et  

Fig. 1. Distribution of the Eocene granidoids in Hokkaido and Sakhalin, and simplified geotectonic divisions of 

circm-Okhotsk Sea regions (compiled from Kiminami et al., 1986; Hourigan, 2009; Tikhomirov et al., 2011; Jahan et 

al., 2015; Pospelov et al., 2016; Glorie et al., 2017; Zhao et al., 2017). Names of plutons: Os=Oshirabetsu, 

Np=Nupinai, Shi=Shirataki, Ai=Aibetsu, Uk=Ukishima, and Ut=Uttsu. ESVB=East Sikhote-Alin volcanic belt, 

OCVB=Okhotsk�Chukotka volcanic belt, ASR=Academy of Sciences Rise. 

K�$!�&'R>B 
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al. (2017)6GK:̢c�oQ��8��eq�

{lQ�
ktQ�8Ńřś9̢Ôħɉ5ȅB

ˡBjS�2�I̢QkYSqNĎA5�̣

Martynov and Khanchuk (2013)9̢ǖc�oQ�

�8Ľƻ�
Ȥƻ�
áǎ¢ƻ�8ȷǵś�e

��8ɕƺ6GJQgwe~UQ8�ǀ6G

.1ĵ̅�8�he~UQ�ȡʪ$1Ɓƚ#

K+3$+̣Grebennikov and Popov (2014)9̢

ǖc�oQ��8ȩřś̘� S-type F A-type

8ȴƊNɚ$ þ̢ɩ�ɲȩřȏè8ǊɻǸ̆2

A-type8˻Z�e˔S^t���Sq̠ferroan 

hyaloignimbrite̡�ȿØ&J3$1�J̣c�

oQ��8ʜ!�ś̘8ĤȺëłɉǥʾNʫ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.+ Grebennikov et al. (2016)9̢ȅBˡCe�

�8Ù̠̋breakoff̡3)K6˖ě&JQgw

e~UQ8�ǀ6G.1Ǉƻ�
Ľƻ�̠ 60
45 

Ma̡8 A-type ʜţśFQ�Y�˗Įĩƒś̢

˻�OHOɑȐɵś54�Ɓƚ#K+3$1

�J̣�  

� ǖc�oQ��ò˳8ȩƚś8ĤȺëł

ɉ�ű²łɉɓɣ9̢ǻ˟ɉĴ�̠Fig. 2̡̣
40

Ar/
39

Ar ű²Fd�`�Nɀ�+ U
Pb ű²�

Ĵ�īĐ#K1�I )̢KH8ű²ɰŶ9̜�

3ƭń#KJ ụ̈̄c�oQ��ȩřŬò˳8ȩ

ƚś8ű²̖ŶÙŪ̠Fig. 3̡29̢51
48 Ma

�G; 36
15 Ma8ű²�Ǳļ$1�I̢!8

ǃǎ6��Jȩƚȏè8´ǳNɚĖ$1�J̣

A+̢48
39 Ma 6QkYSq�ȴƊɉ6ȿØ

&J̠Fig. 3̡̣ 48
45 Ma8 4˂Ƹ9̢̐QkY

Sq6ĭʛ#K1�J� !̢KH9ĤȺëłɉ

5ǥʾ�ʫMK1�5�˂Ƹ2�J̣Wu et al. 

(2017)9̢ǖc�oQ��ò˳8þɩ�ɲQk

YSq8ȿØ� 46
39 Ma2�J3$1�J̣ 

Chashchin et al. (2011)9̢ǖc�oQ��ò˳

8QkYSq�e��TR�r�8Ɓƚ3Q

gwe~UQ8�ǀ6ɂǕ&J3$1�J̣ 

Wu et al. (2017)9!KH8QkYSq�ſǃȅ

BˡO2�+ķŰȍ���q8���ym]

6GI ĵ̢̅�8�˳ĤǹE$�9��q�� 

Fig. 2. Distribution of Paleogene granitoids and 

Paleogene � Miocene volcanic rocks in East 

Sikhote-Alin (Compiled from Jahn et al., 2015 and 

Grebennikov et al., 2016). Numbers indicate 

radiometric ages. Red numbers show adakitic 

volcanic rocks. Data sources are given in 

parentheses. 1: Okamura et al. (1998), 2: 

Grebennikov and Maksimov (2006), 3: Chashchin et 

al. (2007), 4: Guo et al. (2007), 5: Alenicheva and 

Sakhno (2008), 6: Nechaev et al. (2009), 7: 

Chekryzhov et al. (2010), 8: Chashchin et al. (2011), 

9: Jahn et al. (2015), 10: Tang et al. (2016), 11: 

Tsutsumi et al. (2016), 12: Wu et al. (2017), and 13: 

Zhao et al. (20017). 

Fig. 3. Frequency diagram of compiled radiometric 

ages for Paleogene�Miocene igneous rocks in the 

southern Area of ESVB (Data sources: Okamura et 

al., 1998; Grebennikov and Maksimov, 2006; 

Alenicheva and Sakhno, 2008; Chekryzhov et al., 

2010; Chashchin et al., 2011; Jahn et al., 2015; Tang 

et al., 2016; Tsutsumi et al., 2016; Martynov et al., 

2017; Wu et al., 2017; Zhao et al., 2017). 
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ȡʪ$1Ɓƚ#K+3ƭń$1�J̣A+̢

Martynov et al. (2017)9!8ǃǎ8QkYSq

8ƁƚNe��8Ù̋6¶�e��TR�r

�8Ɓƚ3Qgwe~UQ8�ǀ6˖ě&J

V]�d�Sqë$+ȷǵś8ȡʪ6GJ3

ƭń$1�J̣ 

� Chashchin et al. (2011)3 Wu et al. (2017)6G

IīĐ#K+ǖc�oQ��ò˳8QkYS

qÙŪĨ̠Fig. 2̡�Hɳ 200 kmòʶƼ8Źć

̠Yanji̡ĤĨ̠Fig. 1̡2E Guo et al. (2007)F

Li et al. (2007)6G.1QkYSqǪ8Ńřś

�īĐ#K1�J !̣KH8Ńřś8 40
Ar
39

Ar

ű²9̢59
55 Ma̠6ĤȬ̢ŰĦ̬56.3� Ma̭

Ǉƻ�Ǒ
Ľƻ�Üǎ 2̡�J G̣uo et al. (2007)

9 Ź̢ćđˠ8QkYSqǪŃřś8ƚěNe

��8���ym]6˖ě&JQgwe~U

Q8�ǀ6G.1 ȅ̢BˡB2ȁǜ$+�he

~UQ��q��ȡʪ$1Ɓƚ#K+3ƭń

$1�J̣ 

� ESVB¢˳8ɓɣ9 ?̢3O4ʹ�+H5�̣

ESVBì˳29Okamura et al. (1998)F Sato et al. 

(2003)6GJȷǵś3ȷǵś˔ŃřśNōˏ3

$+Ñś K�Arű²8īĐ��J̣ì˳8ȩř

ś8ű²̖ŶÙŪ̠Fig. 4̡9 3̢9 MaGIEþ

�ű²�G; 24
15 Ma8ȩřś�ǱļE$�

9¦$�!3Nɚ$1�J̣Tatsumi et al. 

(2000)�G; Sato et al. (2003)9 2̢5
20 Ma6ȩ

ƚȏè8´ǳǎ��I !̢8´ǳǎN9#O2̢

ȩƚȏè�ȅBˡBjS��H���qÕj

S�6ıë$+3$1�J̣A+̢!8´ǳǎ

�ƽǒȕ8¤ʷ5Ƣĵǎ3Ĉǎ$1�J!3

Nƥư$1�J ȷ̣ǵś8ĤȺëł3Ĉ¸»N

ǥʾ$+ Okamura et al. (2005)9 ì̢˳8ȩƚȏ

èN 55
24 Ma8ȅBˡBjS� 2̢3
15 Ma8

ƽǒȕƢĵ6˖ě&JQgwe~UQ8�ǀ

3ȅBˡB8Ƅ̔N��+ȩƚȏè̢15 Ma³

̃8ƽǒȕƢĵƆ8Q�Y�ȷǵś8ȏè6

íÙ$+̣ 

 

 

� X��n]ȕ6̑$+c��Q���qò

ʉ˳�H����^ȕŠʶÊ8l�`�qð

š6�+JĤĨ69 ʄ̢Ź˽ 3,000 km6ˮ&J

Ɉ­ɲ8X��n]
l�`�qȩřŬ

̠OCVB̡̠ ¿�:  ̢ Hourigan and Akinin, 2004; 

Tikhomirov et al., 2006̡�ÙŪ&J̠Fig. 1̡̣

OCVB8X��n]g^��q29 Ɔ̢ǎɈ­

ɲ8ȅBˡBjS�8ȩřś8�6 80�74 Ma

8���qÕȷǵś̠ MygdykitŘ 8̡ɼƚNɚ

&ĀĤȷǵś̠plateau basalt̡�˷5I̢!K

�ȩƚȏè8ɻȮ65J̠Hourigan and Akinin, 

2004; Akinin et al., 2014̡̣OCVB8ȩƚȏè8

ɻȮ9 X̢��n]��m]8c��Q���

q=8ʭɥ6˖ě&J3ʑ�HK1�+̠ ¿�

:̢ǏǓ̢1985; Parfenov and Natal’in, 1986; 

Şengör and Natal’in, 1996; Maruyama et al., 1989, 

1997̡̣ $�$ H̢ourigan and Akinin (2004)9̢

OCVB�ž�ıƁNü�1�H' ǿ̢Ű6ˢ�

Ĥ˔ǩ˨NÄƤ$1�J!3 Ǌ̢ɻǸ̆8��

�qÕȷǵś8ƁƚĬ�ŖŽ3ʑ�HKJ!

3�H ȩ̢ƚȏè8ɻȮNX��n]��m]

8ʭɥ2˅ǁ&JʹʼNčń$1�J Ỵ�l

�mYì˳8 Vatynae�eq̠Fig. 1̡9̢Ɔ

ǎɈ­ɲ
Ǉƻ�8X���q�e[�

̠Olyutorsky̡šż3ȕȍĤǹ�c��Q��

�q̠Y�l�mYʶ˳̡6ʭɥ$1Ɓƚ#K

+ʊĆʆ3#K1�J̠ Hourigan et al., 2009̡̣  

Akinin and Miller (2011)9 O̢CVBǊ�˳8��

�qÕȷǵś8¸ʍ0�NX��n]ȕìʉ

˳8���qİɅ�ȅBˡB�Hq��e~

W��6˝Ư$++D3$1�J Ạ+ A̢kinin 

et al. (2014)9̢���qÕȷǵś8ƁƚNe�

�TR�r�E$�9˕ĊɟèƺŘ6Ȋ�Ŕ 

Fig. 4. Frequency diagram of compiled radiometric 

ages for Paleogene�Miocene basalt and basaltic 

andesite in the northern Area of ESVB (Data 

sources: Okamura et al., 1998; Sato et al., 2003). 
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Ɯɉ5ŖŽĬ6˖ě&Jȩƚȏè3ƭń$+  ̣

 

 

1. QE?/�C-���[nZ;3 

� Ľƻ�8ƽ̜ȩƚȏèŬNȵéş±ˢNİ

6$1ò˳3ìÊ6Ù�J ƽ̣̜ȩƚȏèŬ8

ò˳Fì˳6Ľƻ�Ȗƚś̘�ŀĢ&J!3

9 þ̢��HɏHK1�+̠ Ȉ˸�ǤɁ 1̢967̭

Shibata, 1968̭ǝɁ�ɑõ̢1981̡̣ !KH8Ľ

ƻ�ʜ!�ś6/�19 š̢żȩƚȏè8ȿȳ

3&Jʹʼ̠¿�:̢Komatsu et al., 1983̭Ő

ǘ̢1985̭Őǘ?�̢1989̡3̢ȏèɉȕŤ8

ȅBˡB6˖ě&J3&Jʹʼ̠áɁ̢1989̭

ċȋ̢1989̭Toyoshima, 1991̡3��J̣!!

29Ǌˢ8ɏʹN˜A�5�H !̢8ǃǎ8ȩ

ƚȏè�ȕŤ8ȅBˡB6ɂǕ&JÿʕƒN

ČĒ&J̣ 

� Ǌˢ̢ƽ̜
ax��ȩƚȏèŬ8Ľƻ�Ȗ

ƚś̠Fig. 1̡6́$1̢d�`�8 U�Pbű²

���/�īĐ#K Ĉ̢ȩƚȏèŬ8ąĤ6�

�Jȏèǃǎ�ǁɎ65.1�+ ƽ̣̜ȩƚȏ

èŬò˳29̢Kemp et al. (2007)6GI̢u}

sSʜ!�ś»�H 37.5 Ma 8d�`� U�Pb

ű²�īĐ#K1�J Ạ+ Ő̢š?�̠ 2015̡

9̢̓ˇȎ
� $ H > /

ĤĨ8�OHOɑ9OK�ś̢w�

�Sq�˾ʅś�G;ʜţ˾ʅś�H 37.2 Ma

8d�`� U-Pb ű²NīĐ$1�J̣̜Ǯ?

�̠2018̡9̢ƽ̜ıƚŬ8Ȳ̞ś¢8d�`

�8 U-Pb ű²Nǥʾ$̢Öɾǆ���H 39.6 

Ma 8ű²NīĐ$1�J̣!8©ņ9̢Ȗƚ

śNƁƚ$+ȱS��q� ca. 40 Ma6#�8

@J!3NɚĖ$1�J̣ĈŬì˳29̢Jhan  

 

 

 

 

 

 

 

 

 

 

 

 

 

et al. (2014)�ǰ
�./

ŝś»�H 45.0 Ma̢Ȕšś»

�H 44.8 Ma Ɩ̢Ýś»�H 45.7 Ma Ɉ̢Ȣś»

�H 37.0 Ma8d�`� U
Pbű²NīĐ$1

�J̣ 

� ƽ̜
ax��ȩƚȏèŬ6ŗ&Jax��

8Ľƻ�Ȗƚś8ÙŪ̠Fig. 1̡9̢ò�HQ

t�̠Aniva̡Ȗƚś»̢X��n]̠Okhotsk̡

Ȗƚś» �̢�_�̠ Langeri Ȗ̡ƚś»35J̣ 

� Qt�Ȗƚś»9 a̢x��òǖɧ8Qt�

ðš6ÙŪ$̢qtw
Qt�̠Tonin
Aniva̡

±ç»8 Utesna Ř̠ Q�lQ��gw�tQ�̡

6ːÐ&J S
type8ʜ!�ś2�J̠Glorie et 

al., 2017̡̣ Liao et al. (2018)6GJ3̢Qt�Ȗ

ƚś»8d�`� U
Pbű²9̢40.7 Ma̠9Ĥ

Ȭ8ŰĦÇ̡2�J̣ 

� Qt�Ȗƚś»8ìÊ6¸ʍ$ X̢��n]

ȕ6̑$1ÙŪ&JX��n]Ȗƚś»9 Y̢

�ztQ��áǎĽƻ�8 Ozersk ±ç»8

Kedrovka Ř̠áǎɈ­ɲ̡3 Chaika Ř̠Y�

ztQ�
Ǉƻ�̡6ːÐ&J A-type̢I/S-type

8ʜ!�˾ʅś�ɑʟ˾ʅś2�J̠ Liao et al., 

2018̡̣ Chaika Ř69ȐɵśFɑʟŃřś8ʖ

ś�ĴƵːÐ&J̠Glorie et al., 2017̡̣ X��

n]Ȗƚś»8d�`� U
Pbű²9 4̢3.0 Ma

̠7ĤȬ8ŰĦÇ̡̢Ȑɵś 2ĤȬ3ɑʟŃřś

1 ĤȬ�Hȝń#K+ U
Pb ű²9̢)K*K

42.9 4̢2.7 4̢4.4 Ma2�.+̠ Liao et al., 2018̡̣  

� ax��¢˳6ÙŪ&J��_�Ȗƚś»

9 ò̢Ê8��_�Ȗƚś3)!�H 10 km?

4ìÊ6¸ʍ&J Val’za Ȗƚś�H5J̠Fig. 

1̡̣  Ȗƚś3EʳƵ8ś»�Hǩƚ#K̢Ĵ

�� S-type8ȴƊNɚ&̠Zhao et al., 2019̡̣

Fig. 5. Plot of available radiometric ages versus distance (km) from the Oshirabetsu (Os) pluton projected onto a 

meridian for the Paleogene plutons in Hokkaido and Sakhalin with indication of migration rate (Data sources: 

Kemp et al., 2007; Jahn et al., 2017; Liao et al., 2018; Zhao et al., 2018, 2019). Data in Sakhalin are average 

values. Analytical errors of ages for plutons in Hokkaido are very small, so we do not show error bars. 
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��_�ś»9̢õśĪɢű²�ƆǎɈ­ɲ


Ǉƻ�8 Verhnelangeri ıƚ`���m]e8

Ȍ˔ȲśF̍Ǻ
ɑʟś6ːÐ&J̠Glorie, 

2017̡̣  Ȗƚś8đˠ69Ĵ�8ʖś�ŀĢ

&J �̣�_�Ȗƚś8d�`� U
Pbű²9̢

37.0 Ma̠ 4ĤȬ8ŰĦ Z̢hao et al., 2018, 2019̡̢

Val’zaȖƚś8d�`� U
Pbű²9 3̢6.7 Ma

̠6ĤȬ8ŰĦ Z̢hao et al., 2018, 2019 2̡�J  ̣

 ƽ̜ȩƚȏèŬì˳�H��_�Ȗƚś»6

��18ű²9 ì̢Ê6Ċ�.1ĵŔɉ6ʝ�

5I̠Fig. 5̡̢ )8ıëq��r9̢�G) 70 

km/my2�J ƽ̣̜ȩƚȏèŬò˳8Ȗƚś3

ì˳8ɈȢś»�!8q��r�H9'K ű̢

²�ʝ� ȩ̣ƚż6Ȋ.+ƼĊ8ű²8ńĊı

ë9̢Q�eYðš8 Sanak
Baranof ȖƚśŬ

2G�ɏHK1�I ȕ̢Ť
ȕȠ
ȕȠ�˷Ȭ8

ɟè2˅ǁ#K1�J̠Farris et al., 2006̡̣ S

bs\
ķŰȍȕŤ̠Seton et al., 2015̡E$�

9]�̠Kula 
̡�b�]c��̠Resurrection̡

ȕŤ̠ Madsen et al., 2006 8̡ȅBˡB6G.1̢

áżĨ8ȕȠˢË6Ɓƚ#K+3#KJǇƻ

�8 Sanak
Baranof ȖƚśŬ8�˳N5&`�

pRQ]š8`�pRQ]yh�e9̢ʁ �H

ǖ6Ċ�.1ʝ�5I̢)8ıëq��r9̢

�G) 130 km/my2�J̠Farris et al., 2006̡̣

`�pRQ]š6��Jıëq��r8Ƽ�

ĵ���̢�˷Ȭ8ɟè˧Ŷ9̢Ĉ�8ȕŤ2

�.1EȕŤ3ȕȠ38ƚ&ʻŶ6G.1˯

.1�J̣ 

 

���4Pl
�#&'�u��M�k�B�a

7`�

� Kiminami and Kontani (1983)9 ì̢ȕ˭8Ɉ­

ɲĤ˔»� 2/8żȕȠɱ2Ɓƚ#K+!3N

ƥư$+ �̣/9ʶÊ8Q������qʉˠ

8żȕȠɱ2�I ì̢ȕ˭6��J)8ǩƚʷ

ɷ9áżȕɊĪɢȳ8ʩĺŘʏF±ç»8ƽ

̜Řɸʏ2�J̣E��/8żȕȠɱ9̢X�

�n]��m]8ʉˠ6Ɓƚ#K )̢8ǩƚʷ

ɷ9áżȕɊĪɢȳ8ǠŇŘʏ3ºď̀Řʏ̢

±ç»8ȞÝŘʏ3¯̕
6 ! L

Řʏ2�J̣5�̢ǒ

ˈ29X��n]��m]NX��n]ȕ Y̢

�l�mYʶ˳̠e�pRt�ĤĨNĎC̡̢

ìȕ˭�Hax��6ƞ�JʊĆʆ8ǖÊ

̠Fig. 1 3̡ʺń&J ƽ̣̜Ŭì˳8±ç»9̢

ĵŔɉ6ǖÊ6Ċ�.1ʝ�5J!3�H̠ Y

�ztQ��HĽƻ�̡̢ ʶĊ�8ȅBˡB6

GIƁƚ#K+3ʑ�HKJ̠ ċȋ?� 1̢986̡̣

Ɂˢ̠1989̡9̢ƽ̜Ŭì˳Nììʶ
òòǖ

8ƺŘ2Ƭ&J A
E̠ ʶ�Hǖ̡8 5/8Ŭ6

íÙ$+̣Ľƻ�8Ȗƚś̘9̢ǊEų�ÙŪ

ĨNE/ EŬ6ÙŪ$̢̅ ȟɔŕȳ8ĪɢĬ2

ęØ�ː Ð$+MORBNȴƊɉ6ĎC̠ ň�̢

1989̡̣ E Ŭ8ǖÊ69ŭďŬ8ȞÝŘʏF¯

̕Řʏ�ÙŪ&J Ḥ̌ÝŘʏ9ĵŔɉ6ǖ�¸

8ĤŘ�Hǩƚ#K ǖ̢Ê8¯̕Řʏ8Ƽ�Ȟ

ÝŘʏGIEƿǎ6±ç$1�J82 ǖ̢Ċ�

8ȅBˡB6GIƁƚ#K+3ƭń#KJ

̠Kiminami and Kontani, 1983; ɺˍ?�̢

1986̭Ɂˢ̢1988̡̣  

� ƽ̜ıƚŬ9 ǖ̢6Ċ�.1ıƚŶ�¹�$

1�I ǖ̢Ê6ÙŪ&J¢8ťŘʏ6Ȥɟ&J

̠ɺˍ̢1978̭ŐřÕ̢1985̭Komatsu et al., 

1989̡̣ Kontani and Kiminami (1980)�G;ɺˍ

?�̠1986̡9̢¢8ťŘʏ8ɒśɼƚ�ŭď

Ŭ8ȞÝʏFºď̀Řʏ6̘·&J!3�H̢

¢8ťŘʏ3ȞÝŘʏ�ōǻ#KJ3$+̣

Nanayama et al. (1993)9̢¢8ťŘʏ8ɒśɼ

ƚ�X��n]��m]ʉˠ8ɼƚ3Q��

����qʉˠ8ɼƚ8 Ƽ8ȴƊN¾(E

/!3NǁH�6$̢̦ /8ȕȠɱ8µĆ˳6

Īɢ$+ÿʕƒNɚ$+ �̣ř?�̠ 1993 9̡̢

ȞÝŘʏ̢ºď̀Řʏ̢ǠŇŘʏ�G;¢8ť

Řʏ8ɒś6ĎAKJ]��e}v�8ɼƚ

Nǥʾ$ ¢̢8ťŘʏ8]��e}v��ȞÝ

ŘʏFºď̀Řʏ Ǡ̢ŇŘʏ8]��e}v�

3ɼƚɉ6̘·&J!3Nɚ$+ �̣ř̠ 1992̡

9̢¢8ťŘʏ¢8j�|kSq6��1̢ò

òǖ�ììʶ8ñ˘$+˞Ȑ33E6 ǖ̢�ʶ

Fòǖ�ìʶ8ÊƼȐN˄D1�J̣A+̢�

ř�ċȋ̠1989̡9̢¢8ťŘʏNǩƚ&Jj

�|kSq�ĩǒɉ6ǖ�¸2�J!3Nƥ

ư$1�J̣řŢ?�̠2018̡9̢¢8ťŘʏ

ųœ`���m]e¢8ȩřśə�ĽƻʁȒ

ůŘʏÝÄŘ6ĎAKJ 65
61 Ma̠ K
Arű²̡

8ʜ!�śə̠Őɨõ?�̢1998̡3ëłɼƚ

�̘·&J!3�H  ̢ʒ�Ĉ�8Àʀȟ6ɂ

Ǖ&JÿʕƒNƥư$+̣˽ ȑ?�̠ 1980 9̡̢

Īɢǩ˨�HȒůŘʏÝÄŘ�ìFǖ�HÀ

ʀ#K+3ƭń$1�J̣Geodekyan et al. 
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(1977) 9 ï̢šȕɊ8ìÊ8ɞłQYp��ȕ

Ā�Hr�md#K+ȩƚś̘̠˾ʅś̢ʜ!

�˾ʅś̢ʜ!�ś ɑ̢ʟŃřś54̡�H 95


75 Ma 8 K
Ar ű²NīĐ$1�J̣A+̢

Emel’yanova et al. (2006)9̢ɞłQYp��ȕ

Ā�Hr�md#K+ȩřś̠Ȑɵś̢ɑʟŃ

řś̢Ńřś̡�H 57
46 Ma 8 K
Ar ű²N

īĐ$1�J̣ɞłQYp��ȕĀ9̢¢8ť

Řʏ¢8ȩřśəFȒůŘʏÝÄŘ¢8ʜ!

�śə8ʀȟ3$1ǌæ5Æʱ2�J Ọ̋ǘ?

�̠1989̡9̢ƽ̜ıƚŬ8ƁƚÜǎ̠eo�

d̡̤6õśĪɢŘ8ǩ˨ɉôë��I �̢!

8ǩ˨ɉôë9 ǖ̢ʶ8šż
ȕȠɱ�Ƭˢ$̢

ǖɱ8±ç»�ʶɱ±ç»68$� J!3

6G.1�J 3̢ʑ�J8�ǊEĆȻɉ8G�

6ƐMKJ�3ƥư$1�J̣!8ĬĆ8�ǖ

ɱ8±ç»�9̢X��n]��m]ʉˠ8±

ç»Nƥ$1�J3ƐMK Ó̢»ɉ69¢8ť

Řʏ2�L�̣!KH�H̢ìȕ˭6��JQ

������q3X��n]��m]38ʊ

Ćʆ9 ì̢˳29ƽ̜Ŭ3ŭďŬ38İɅN˦

I ò̢˳29!K�ƽ̜ıƚŬ¤Ŭ8ʶʉ6˩

ʃ&J!3NƮǢ&J̣!K6Ƈ�:̢ƽ̜ȩ

ƚȏèŬì˳8Ľƻ�Ȗƚś̘9Q���Ê

8 ƽ̢̜ıƚŬ8Ľƻ�Ȗƚś̘9X��n]

Ê8ǩƚʷɷ3��!365J̣ 

� ax��¢˳8��_�ś»NĎCıƚś

ĤĨ3ax��ǖ˳8 KotikovayaŘʏ̠ ƆǎɈ

­ɲ
Ľƻ� 3̡8̀69̢ʁ Ê8 NabilŬ3ǖ

Ê8 RymmikŬ�H5J±ç»�ÙŪ&J̠ Fig. 

1̡̣Zyabrev (2011)6GJƲƴʨëɑ8ǥʾ6ĩ

0�: !̢8±ç»¢8ȕȠÎįj�|kSq

8ű²9̢ǖÊ6ʝ�5J̠Q�lQ�
Q�

|Q��Hgw�tQ�E$�9l���t

Q�̡̣ !8©ņ9̢!8±ç»�ʶĊ�8ȅ

BˡB6G.1Ɓƚ#K+!3NɚĖ&J �̣

Ƽ̢ax��ǖ˳6ÙŪ&J Kotikovaya Řʏ

̠Tosy et al., 2005̡9̢Ǌ�˳Ř̠UchirŘ̡�

ȩřɔŕśFɒś�Ȍś�H5I̢Swg��

eNĎC̣º��ʶɁ̠1937̡9̢ǒŘʏ8�

˳�H Inoceramus schmidti NīĐ$1�J̣

Tosy et al. (2005)9̢ƲƴʨëɑFʜɭëɑ̢Ǥ

ȳëɑ54�H̢KotikovayaŘʏ8ű²N��

eq�{lQ��HĽƻ�3$1�J̣

Inoceramus schmidti9̢ìȕ˭ǖ˳8ǠŇŘʏ

Ǌ�˳8ȩřʻəśN¤3&JwmY�m�

ŘFºď̀Řʏ�˳�HEīĐ#K1�J̠ Ǩ

õ�Ɂ¢̢1986̭˽ˍť��ˍ̢1959̡̣ ǠŇ

Řʏ8Īɢű²9 Y̢�ztQ�̠ ǘǒ 1̢970̭

Okada et al., 1987̡�HĽƻ�̠Okada et al., 

1987̡3#KJ̣KotikovayaŘʏ9̢śɍFű

²�ǠŇŘʏ6̘·$1�I Ǡ̢ŇŘʏ3ĈǪ

6áżȕɊ8Īɢȳ3ƭń#KJ !̣KH�H̢

Kotikovaya Řʏ8ʶÊ8 NabilŬ3 RymmikŬ

9Q���Ê8̢KotikovayaŘʏ9X��n]

Ê8ǩƚʷɷ3ʑ�HKJ̣��_�ś»9̢

Nabil Ŭ8ʶÊ8ıƚś`���m]e¢6Ď

AKJ82̠Fig. 1̡̢ Q������q8ʉˠ

6ːÐ$+3&J8�˰Ú2�L�̣ 

� Zharov (2005)9̢Ĥ˔ǩ˨FƲƴʨű²�H̢

Qt�ś»FX��n]ś»NĎCax��

ò˳8±ç»�ʶĊ�8ȅBˡBŬ2Ɓƚ#

K+3$1�J̣Zyabrev (2011)9̢Kotikovaya

Řʏ�šż8ƺȲN¶�3$1�I̢Zharov 

(2005)9̢!8þšżNŭďŬ8ìƼŹ˽3ʑ

�̢ʁ 6ɟè$1Q������q6ʭɥ$+

3$1�J̣ 

� ³��H a̢x��6��JQ������

q3X��n]��m]38ʊĆʆ9 a̢x�

�ǖ˳8 KotikovayaŘʏ8ʶʉN˦I Q̢t�

ś»��JQt�ðš8ǖÊ8X��n]ȕ

ʶʉ˳6ƞ�J3ƭń#KJ̠Fig. 1̡̣  

 

���QE?�C-�dh1?��C-A�

� ƽ̜ȩƚȏèŬò˳8Ľƻ�Ȗƚś̘9 ±̢

ç$+¢8ťŘʏ8Ȗ˳6ńʍ$+3ƭń#

KJ̣¢8ťŘʏ�H9̢Ǉƻ�8Ʋƴʨëɑ

̠�ř�̇Ȧ̢1997̡33E6̢ɔŕƒd�`

�8ǊEʝ�^���8}�]ű²3$1 ca. 

57 Ma̠ Nanayama et al., 2017 �̡ƈHK1�J̣

!8©ņ9 ò̢˳8Ľƻ�Ȗƚś̘8Ɓƚ6́

�$+ȱS��q�±ç$1̀E5�̠17 my

³� ¢̡8ťŘʏ¢2˖!.+!3NɚĖ&J  ̣

� ƽ̜ȩƚȏèŬì˳8ǰŝś»9 ɒ̢ś�G

;Ȍś�H5Jƽ̜ɸŘʏȼǯ
J L -

ŘNː�1�

J̣ȼǯŘ9̢Ʋƴʨëɑ�HĽƻ�̠56
33.9 

Ma 6̡Īɢ$+3ƭń#K1�J̠ ċȋ?�̢

1990̡̣ &5M-̢ǰŝś»9̢Īɢ$1�H

11 my³Õ8ǧD1ʝ�±ç»Nː�1ńʍ$

+3ʑ�HKJ̣A+̢ȼǯŘ9̢̅ȟɔŕȳ
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�Īɢ&JȕȠˢË2ęØ�ːÐ$+ MORB

NĎB Ľ̢ƻ�69ȕȠ6ǧD1ˢ�¸ʍ6ȏ

èɉȕŤ�ŀĢ$+!3NɚĖ&J (ň�̢

1989̭ċȋ?�̢1999̭ň��ċȋ̢1999)̣

ȼǯŘÙŪĨ8òƼ6¸ʍ&Jq��Tcʅ

ʛś»E MORB ɼƚNɚ$̢ɔŕś8ĪɢĬ

2ęØ�ː Ð$1�J̠ Miyashita and Katsushima, 

1986; °¢�ň� 1̢999̡̣ q��Tcś»8đ

ˠ�H9 Ľ̢ƻ�8Ʋƴʨëɑ�īĐ#K1�

J̠ċȋ?�̢1990̡̣ !��.+©ņ�H̢

Kiminami et al. (1994)9̢Ľƻ�6��JȕŤ�

ȕȠ�ȕȠ�˷Ȭ8ìȕ˭˦ˬNƭń$+̣

Miyashita and Yoshida (1994)Fň�?�̠1997̡

6G.1E±ç»6ːÐ$+ MORB 8ŀĢ�

HȕŤ�ȕȠ�ȕȠ�˷Ȭ8ìȕ˭˦ˬ�ˌˈ

#K1�J ǧ̣D1ʝ�±ç»Nː�ƽ̜ȩƚ

ȏèŬì˳8Ľƻ�Ȗƚś̘3ȕȠˢË2ę

Ø�ːÐ$+�˩8 MORB 39̢ɍ«6ˢƬ

$1ȿØ&J!3�H )̢KH�ńʍ$+Ĥ˔

ɉʔǄ9 Ĉ̢�8ȱS��q6˖ě&Jÿʕƒ

�ʑ�HKJ̣ 

� ax��8X��n]ś»EY�ztQ��

Ǉƻ�8 Chaika Ř6ːÐ&J!3�H̢ːÐ

ű²3ʯːÐś8Īɢű²38ŧ�Ő#�̣

Zhao et al. (2018)9 �̢�_�Ȗƚś�ːÐ&J

Ȍ˔Ȳś¢8ɔŕƒd�`�8 U�Pbű²Nǥ

ʾ$̢51 Ma8ǊEʝ�}�]ű²NīĐ$1

�J̣��_�Ȗƚś8ű²� 37 Ma582̢

)8ŧ9 14 my2�J̣!8©ņ9̢��_�

Ȗƚś�ǧD1ʝ�±ç»¢6ːÐ$+!3

Nɚ$1�J̣ 

 

�t=G+�Hp��#&'REO2B�sP@

c\�US
v�

� ƽ̜
ax��ȩƚȏèŬ8Ľƻ�Ȗƚś»

8ńʍű²9 ʯ̢ːÐ±ç»8Īɢű²3̐ŭ

6ˢƬ$1�I̢)8ű²ŧ9 10 Ƶ my ³�

2�J̣ȹ�ȩř~��q3ȕȠ38˚̋9̢

¢¸ 50 %� 275�180 km8ɫĝ6ÐJ̠ Syracuse 

and Abers, 2006̡̣ ʝ�±ç»9̢ȕȠ8ˢ�6

ÙŪ&J+D ƻ̢ɩ�ɲ8±ç»̠ 23 Ma³̡̃

8Ĵ�9̢ĵ̅ƹ̑8�6ÙŪ$1�J

̠Plafker et al., 1994; von Huene et al., 1996; 

Fuis,1998; Fuis et al.,2008; Ito et al.,2009̡̣&5M

-̢̐ŭ6ʝ�±ç»Nː�ȩƚś9̢˦ŭ8

ȩƚż8ǩƚȳ295� á̢żĨ28ȕȠˢË

ȩƚȏè8ȿȳ2�Jÿʕƒ�̜� ọ̑èɉȕ

Ť8ȅBˡB6G.1ȩƚż8ȏè�Èǳ$̢

áżĨ8ȩƚȏè6ɟʫ&J!3�l�ò˳

FTmr��]Ɋ8ȹ�ȕŤȅBˡBĬFì

ɬʶŞ8ƻȾ²8ȕŤȅBˡBĬ2ɏHK1

�J̠ ¿�:  ̢ Cross and Pilger, 1982; Forsythe et 

al., 1986; Cande and Leslie, 1986; Taylor and Exon, 

1987; Madsen et al., 2006̡̣ !KH�H̢ƽ̜�

ax��ȩƚȏèŬ8Ȗƚś̘9 á̢żĨ6ː

Ð$+3ʑ�HKJ̣Ȗƚś̘8ű²9̢)K

*K8ĤĨ2ű²Ů�̐ŭ6Ő#� ǧ̢D1ɐ

ǎ̀8ȏè2�.+!3NɚĖ$1�I ¼̢H

�8ȱz�e�õě3ʑ�HKJ̣#H6̢ƽ

̜ȩƚȏèŬì˳�Hax��¢˳6��1

ǁɎ6ʝ�5Jq��rNɚ& !̣K9ȱȟ�

ìƼ6ɟè$1�.+!3Nɚ$1�J8,

L�̣ 

� Whittaker et al. (2007)F Seton et al. (2012, 

2015) M̢üller et al. (2016)6GJþķŰȍ8��

�qƉÍ6ĩ0�:̢Sbs\̠E$�9~P

���̡�ķŰȍȕŤ�þɩ�ɲÜǎ6ìʶķ

Űȍ8ʉˠ6ȅBˡO,3#KJ̣Seton et al. 

(2015)9̢Sbs\�ķŰȍȕŤ� 55 Ma �H

43 Ma6��1ǖQdQ8�6ȅBˡB̢)8

ɾǛ3$1̢e��8Ù̋�˖!I̢60 Ma³

á6òʶƼĊ2�.+ķŰȍ�8��q�Ȑ

� 50 Ma ³Ɔ6ììǖƼĊ6ıë$+3Ĥ˔

łɉ5ˁơ�Hƭń$+ ẹ̏BˡO,ȏèɉȕ

Ť9̢Ĥ�28ȜŶ�ǀ8+D̢ȕŤ3$18

ƁƘNÄƤ2�' e̢��TR�r�NƁƚ&

J̠ ¿�: T̢horkelson, 1996; Breitsprecher et al., 

2003; Groome and Thorkelson, 2009̡̣ e��T

R�r�8Ɓƚ6¶.1 Q̢kYSqF MORB̢

Q�Y�ȷǵś8ȏè�áżĨ2˖!J3ʑ

�HK1�J̠ Thorkelen, 1996; Breitsprecher and 

Thorkelen, 2009; Thorkelen et al., 2011̡̣  

� ƽ̜�ax��ȩƚȏèŬ8ʜ!�ś̘9̢

Ĵ�� S�type2�J̠ĵĔɁ�ŐřÕ 1̢989̭

Jhan et al., 2014; Liao, 2018; Zhao et al., 2019̡̣

Zhao et al. (2019)9̢!KH8 S�typeʜ!�ś

� ±̢ç$+Īɢś8ȡʪ6G.1Ɓƚ#K+

ÿʕƒNƥư$1�I ±̢ç»Nȡʪ&J+D

8ȱȟ�ƌʷ65J̣Ayuso et al. (2009)9̢

Sanak�Baranof ȖƚśŬ8Ǉƻ�ʜţś̘�ȏ
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èɉȕŤ8ȅBˡB6G.1Ɓƚ#K+e�

�TR�r��H�ǀ$+ʞ˻˔�^��±

ç»ŵ̑6Q�k����oR�^$ ±̢çĪ

ɢśNȡʪ$12�+ÿʕƒNʜţś̘8Ĥ

ȺëłFĈ¸»8ǥʾ�Hƭń$+ ụ̏ŤȅB

ˡB63E5�ʞ˻˔�^�8Q�k���

�oR�^8˷ʷƒ9̢Harris et al. (1996)F

Scharman et al. (2012)6G.1Ežˇ#K1�

J ƽ̣̜ȩƚȏèŬò˳29 37.2 Ma8MORB

ɼƚ89OK�ś̠Őš?�̢2015̡33E6

S-type8ʜ!�ś˔ś�ȿØ&J̣!89OK

�ś9 ȕ̢ŤȅBˡB6G.1Ɓƚ#K+e�

�TR�r�6��1Q�k����oR�

^$+ MORB �^�6ɂǕ&J82�L�̣ 

ESVBò˳6ȿØ&JQkYSq9̢e��T

R�r�8e��Vmd�ȡʪ$1 E̢$�9

e��TR�r�8�8ô�Ĥǹ8�˳�ȡ

ʪ$1̠Chashchin et al., 2011; Wu et al., 2017̡

Ɓƚ#K+8,L�̣ 

� ň�?�̠1990̡9̢Ĥ˔ǩ˨8ȴƊ�Hƽ

̜Ŭì˳6��1¢ƻ�³á6Ŧ'K8˫è

��.+!3Nƥư$1�J̣Lagabrielle et al. 

(2000)F Scharman et al. (2012)9 ȕ̢Ť8ȅBˡ

B6G.1áżĨ6˕ĊɟèƺŘ�Ɓƚ#K

J!3Nƥư$1�J̣ň�?�̠1990̡6G

.1ƥư#K+Ŧ'K˫è9 ȕ̢Ť8ȅBˡB

6˖ě&Jÿʕƒ��J̣ 

 � Zhao et al. (2019)9 ì̢ȕ˭
ax��ò˳8

Ľƻ�ʜ!�ś̘8ƁƚN]��ķŰȍȕŤ8

Q������q�=8ȅBˡB6GJ˕Ċ

ɟèƺŘ3��Qz�qɊ8Ɓƚ6ȀD+�̢

Zhao et al. (2018)29 X̢��n]��m]3Q

������q8ʭɥ6˖ě&J3ƭń$1

�J̣)$1̢)KH8đˠ8±ç»8ű²E

ʑƙ$ )̢8ʭɥű²N 49�38 Ma3$1�J̣

$�$̢ìȕ˭¢Ĺ˳29̢!8ű²8¤ʷ˳

2ɑȵŘʏFůÕŘ8áżȕɊĪɢȳ̠Ito et 

al., 2014̡�Īɢ$1�I̢ʭɥNɚĖ&JĤ

˔łɉˁơ9ʹ�,(5� Ạ+ O̢kamura et al. 

(1998̢2005)6GK:̢ax��òʶ˳6ÙŪ

&JƆǎĽƻ��áǎȤƻ�8r��Sq̠ 38.7 

Ma�G; 30.7 Ma̭Arakai Formation̡9̢)

8ëłɼƚ�ȅBˡB6ɂǕ&J!3Nɚ$

1�I á̢ǎȤƻ�A2Q������q�2

ȅBˡB�ʂʃ$1�+!3NɚĖ&J !̣K

H�HĽƻ�6��JX��n]��m]3

Q������q38ʭɥ9 5̢�.+3ƭń

#KJ̣ 

� ³�6ˣ>+3�I ì̢ȕ˭3ax��8Ľ

ƻ�Ȗƚś̘9 ȏ̢èɉ5ȕŤ�Q�����

�q�G;X��n]��m]8�6ȅBˡ

C!36G.1Ɓƚ#K+3ʑ�HKJ ụ̏Ť

ȅBˡBNɚĖ&JĤ˔ȹˏ3)KH8ʼ˶

NƶȻ&J3³�8Ǫ65J̬ 1) Ľƻ�Ȗƚ

ś̘3ːÐ#K1�J±ç»38ű²ŧ�̐

ŭ6Ő#� Ľ̢ƻ�Ȗƚś̘9áżĨ28ȩƚ

ȏè3ʑ�HKJ̢2) ƽ̜�ax��ȩƚȏè

Ŭ8Ľƻ�Ȗƚś̘8ű²9 ì̢6Ċ�.1ʝ

�5JÌĊ6�I ȱ̢ȟ8ìƼɟè�ƭń#K

J̢3̡ESVB8ò˳6��1̢51�48 Ma6ż

ȩƚȏè8´ǳ̠E$�9ʮˤ̡� 4̢8�39 Ma

6QkYSq8ȿØ�˄DHK e̢��TR�

r�8ŀĢNɚĖ&J 4̢) ESVBì˳6��1

39 MaGIþ�ű²�Ǳļ&J89̢e��T

R�r��ìƼ6ɟè$+!3Nɚ&ÿʕƒ

��J� ű̢²p�j�ȷǵś˔ś6̄ń#K

1�J82 ű̢²Ǳļ6�ɖņƒ�ǷJ 5̢) ȕ

ȠˢË8̅ȟɔŕȳĪɢĬ2ęØ$+3ƭń

#KJĽƻ�8 MORB �Ȗƚś̘8ˢ�8±

ç»¢6ÙŪ$ ȕ̢Ƞ8ˢ�6ȏèɉȕŤ�ŀ

Ģ$+!3NɚĖ&J̢6) ƽ̜ȩƚȏèŬò

˳6˄DHKJĽƻ�8 MORB ɼƚ89OK

�ś̠Őš?�̢2015̡9̢ȕŤȅBˡB6ɂ

Ǖ&J MORB �^�8Q�k����oR�

^6ɂǕ&Jÿʕƒ��J̢7) þķŰȍ8�

��qƉÍ9 Ǉ̢ƻ��Ľƻ�6Sbs\�ķŰ

ȍȕŤ�ìʶķŰȍʉ�HȅBˡO,!3N

ɚ$1�J̣ 

� ƽ̜ȩƚȏèŬò˳̠ƽ̜ıƚŬ̡8Ľƻ�

Ȗƚśś3Ĉì˳8ɈȢś»8ű²9 ì̢6ʝ

�5JÑ»ɉq��r�HĳKJ ạ́ˣ$+G

�6̢ƽ̜ıƚŬ8Ľƻ�ʜ!�śF MORB

ɼƚ89OK�ś9 Q̢���Ê8ǩƚĕ29

5� X̢��n]Ê8ǩƚĕ2�.+3ʑ�H

KJ Q̣������q8ʉˠ6Ɓƚ#K+±

ç»6ːÐ$1�Jƽ̜ȩƚȏèŬì˳�H

ax��6��18Ľƻ�ʜ!�ś̘�ɚ&

ű²q��r�Hƽ̜ȩƚȏèŬò˳8Ȗƚ

ś̘8ű²�ĳKJȻɂ9̢ː Ð$+Ĭ�Ɇ5

.1�++D3ʑ�HKJ Ɉ̣Ȣʜ!�ś8ű
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²9ƽ̜ȩƚȏèŬò˳8Ȗƚś̘3?@Ĉ

%ű²Nɚ& Ɉ̣Ȣʜ!�śEX��n]��

m]8ʉˠ2ːÐ$+ÿʕƒ��J� á̢ˣ$

+G�6̢ʊĆʆ9̢ɵÝ8ǖÊ6¸ʍ$̢ƽ

̜ıƚŬ¤»8ʶʉ6ʃ�3ʑ�HK Ɉ̢Ȣʜ

!�ś9 Q̢���Ê6¸ʍ&Jÿʕƒ�̜�̣

$�$ ʝ̢�ȩřś̘�ʯʸ&Jì˳6��1

9ʊĆʆ8¸ʍ8ˀń�̌$� Ɉ̢Ȣʜ!�ś

�ʊĆʆ8ǖʶ4-HÊ6¸ʍ&J8��ǁ

2�J̣ 

�  

 

� ƽ̜�ax��ȩƚȏèŬNìʶķŰȍĤĨ

8ɇˮā8¢2¸ʍ0�J+D6 Ƚ̢X��n

]ĤĨ8ƆǎɈ­ɲ�þɩ�ɲ8ɇˮāNʑŋ

&J̣!!2�S�q35J89̢ESVB F

OCVB8ɇˮā Y̢�l�mY8Ɓƚˬɠ54

2�J̣Ɉ­ɲǑ69̢ȩƚż3$18 ESVB

F OCVB�ȏèɉ2�I ì̢ȕ˭�Hax��̢

#H6X��n]ȕìʉ=3ʃ�ȕȠ6Sb

s\���q�ȅBˡO2�+!3Nɚ$1

�J̠Fig. 1ạ̡ Kiminami and Kontani (1983)�

ƥư$+G�6 !̢8ǃǎ69X��n]��

m]8ʶʉ6Ɓƚ#K+żȕȠɱ��þƽ̜

ȕ�NƦO2ǖÊ6ŀĢ$̠ Fig. 6a̡̢ ±ç»2

�JȞÝŘʏ�¢8ťŘŘʏF¯̕Řʏ̢áż

ȕɊĪɢȳ2�Jºď̀Řʏ̢šżȩƚś

̠Ikeda and Goto, 2018̡NĎCáżȕɊĪɢȳ

̠Kiminami, 1983̡2�JǠŇŘʏ3ax��

ǖ˳6ÙŪ&J Kotikovaya Řʏ̠Tosy et al., 

2005̡54�!!2Ɓƚ#K+̣ 

� Hourigan and Akinin (2004)F Akinin et al. 

(2014)6GK:̢˦ŭ8ȩƚż3$18 OCVB

8ȏè9̢ca. 80 Ma6ɻ§$̢80�74 Ma6�

��qÕȷǵś8ȏè6ɟʫ$+̣Akinin and 

Miller (2011)9̢OCVB 6��J!8ıëNX

��n]ȕìʉ˳8���qİɅ�ȅBˡB

jS��Hq��e~W��jS�6˝Ư$

++D3$̢Akinin et al. (2014)9̢���qÕ

ȷǵś8ȏèNe��TR�r�8Ɓƚ6G

J3$+̣&5M-̢X��n]ȕìʉ˳8û

ǔİɅ9 c̢a. 80 Ma6ȅBˡBİɅ�Hq��

e~W��İɅ6˝Ư$ )̢K6¶�e���

Ù̋$1 e̢��TR�r��Ɓƚ#K+3ʑ

�HKJ ị̀ȕ˭ǖ˳8ǠŇŘʏǊ�˳8wm

Y�m�Ř�H9̢Y�ztQ�¢��˳Nɚ

&s�wëɑ̠Okada et al., 1987̡�īĐ#K

1�I Ĉ̢Řʏ8Īɢ9 c̢a. 80 Ma6˿Ľ#K

+3ʑ�HKJ̣X��n]��m]� ca.80 

Ma 6c��Q���q6ƬĆ$̢ûǔİɅ�

X��n]��m]8òÊ6d���$1ï

šż8ȅBˡBŬ�ƻ+6Ɓƚ#K+8,L

�̣ 

� Y�l�mY29þĤɗǾ8ɓɣ�Ĵ�ʫ

MK1�J P̣echersky et al. (1997)9 ǖ̢Y�l

�mY6ÙŪ&JƆǎɈ­ɲ�áǎǇƻ�8þ

šżȩřś̠Hourigan et al., 20098Ĥ˔Ğ6Ƈ

�:̢X��q�e[�þšż̡8þĤɗǾN

ǥʾ$̢�¸6Ċ�.1þʈŶ� 30°�H 53°

6ıë&J!3 3̢0°–70°ǃʽĚI6Ě˝$+!

3NǁH�6$+̣)$1̢!8þšż�ì�

$ ¢̢ǎĽƻ�6Y�l�mYʶ˳6ʭɥ$+

3ƭń$+ Ḥarbert et al. (2009)9 Y̢�l�m

Yǖ˳8]�wn[�þšż̠ƆǎɈ­ɲ�á

ǎþɩ�ɲ̭Fig. 1̡8ƆǎɈ­ɲȩřś8þ

ĤɗǾNǥʾ$̢)8þʈŶ�ɳ 30°2�J!

3NǁH�6&J33E6 !̢8ǥʾɾǛ�ˬ

ö8Ĵ�8þĤɗǾ8ɓɣɾǛ3ˇĔɉ2�

J!3Nƥư$1�J̣)$1̢!8þšż�

�G) 40 Ma 6Y�l�mY6ƬĆ$+3ƭ

ń$+ Ỵ�l�mY8þĤɗǾɓɣNʄƣ$

+ Shapiro and Solov’ev (2009)9̢Y�l�mY

8ąĤ˔»8ìƼɟè8ǶāNA3D q̢��

e~W��ƺŘ6Úƺ#K+þšż�Ľƻ�

�H¢ƻ�6��1ǲ�3Y�l�mY�H

` � � ] 6 ʭ ɥ $ + 3 $ 1 � J ̣

Konstantinovskaya (2011)9̢Y�l�mYąĤ

8ŘŴ�ű²�G;Ĥ˔ǩ˨ʼǚ54�H̢Y

�l�mYǖ˳8 Ozernoy–Valagina (Olutorsky) 

šż�áǎĽƻ�6ìÊ8c��Q���q

6ʭɥ$+3$1�J Ḍomeier et al. (2017)9̢

q�^�~R�FþĤɗǾ̢Ĥ˔6ĩ0�̢X

��q�e[�þšż3ŭďþšż�H5J

żȕȠɱ3]�wn[�þšż�H5Jżȕ

Ƞɱ8ɟèɽ˛3þɩ�ɲ6��J!KH8

ĵ̅=8ʭɥNɚ$+̣ 

� ɳ 80 Ma 6c��Q���q6ƬĆ$+X

��n]��m]9 )̢8ìÊ�q��e~W

��ƺŘ6˝ë$̢e���Ù̋$+̣ìÊ8

e��NÚI̋#K+X��n]��m]9  ̢

Y,^J
�5]*^�Xm6 
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ììʶĊ�8Sbs\���q6Ơ#K̢ʁ Ê

6ɟè&J̣e���ÚI̋#K̢Q�Y��

5�5.+!36GI ɟ̢è$F&�5.+8

2�L�̣ʶĊ�8ɟèN$+!36GI̢X

��n]��m]8ʶÊ6ȅBˡBŬ�Ɓƚ

#K̠Fig. 6b̡̢ŭďȕřFȞÝŘʏ8±ç�

˪ʫ$+̣ 

� 47 Ma65J3̢ķŰȍ���8ɟèƼĊ�

ììʶĊ��HʶìʶĊ�6ıë&J̠ Torsvik 

et al., 2017̡̣ c��Q6ƬĆ$+X��n]�

�m]9̢ʁ ìʶĊ�8ķŰȍ���q8è�

6Ơ#K1̢#H6ʶÊ6ɟè&J̣X��n

]��m]3Q������q38̀6�.

+�þƽ̜ȕ�9ǲɩ6ʋŐ&J̣ì�$1�

+Sbs\–ķŰȍȕŤ̠ Seton et al., 2015 9̡̢

Q������qʉˠ�G;X��n]��

m]ʉˠ8ȕȠ6ȅBˡC̠ Fig. 6c̡̣ Q��� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

���qʉˠ29ìÊ6ʝ�5J�˩8ȕȠ

ˢËȩƚȏè�Ⱦ%̢ƽ̜
ax��ȩƚȏè

Ŭ8Ľƻ�Ȗƚś̘�ńʍ$+ ụ̏Ƞ8ʶÊ6

e��TR�r��Ɓƚ#K+!36GI c̢ 

�oQ��ò˳29 51
48 Ma6żȩƚȏè�

Èǳ$̢e��TR�r�8ʉ8e��ȡʪ̢

E$�9�˳Ĥǹ8ȡʪ6GI 48
39 Ma8Q

kYSqNƁƚ$+̠ Fig. 6c̡̣ c�oQ��8

¤ʷƺŘ2�J¢Ĺc�oQ��ƺŘ̠ Ŧ'K

8˕ĊɟèƺŘ̭Fig. 2̡9̢þɩ�ɲ8ȩř

śNÚƺ$1�I̠Liu et al., 2017̡̢ c�oQ

��ò˳8þɩ�ɲȩƚś̘�ìȕ˭Fax

��6ō$1ȹĢ3Ĉ%¸ʍ́Â6�.+�

4��9�ǁ2�J̣ 

� ƽ̜ıƚŬ6��J 37 Ma 8ȩƚȏè

̠MORB �^�8Q�k����oR�^3

±ç»8ȡʪ̡9̢X��n]��m]8ʉˠ

Fig. 6. Paleogeographic reconstructions of circum-Okhotsk Sea regions from the Late Cretaceous to Late 

Oligocene. OA= Olyutorsky paleoarc, KA= Kronotsky paleoarc, ADK= adakitic volcanic rock, and HMB= 

Hidaka metamorphic belt. See text for details. 
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2˪ʫ$+̠Fig. 6c̡̣ Ȳǣ?�̠2016̡9̢ì

ȕ˭ǖ˳8ȒůŘʏĶŌ
1 O 7 J

Ř¢8×Ȫś6ĎA

KJd�`��H 39 Ma8 U
Pbű²NīĐ$

+̣ĶŌŘ9̢¯̕Řʏ˖ȟ8ɯɮɔŕȳ�H

ǩƚ#K̢áżĨ8ȏɇ5�ǀ�àãNɚĖ$

1�J ụ̏Ť8ȅBˡB6¶.1áżĨ�ĵ�

��ǀ&J!39 ȹ̢�8ȕŤȅBˡBĬ2ɏ

HK1�J̠Cande and Leslie, 1986; Taylor and 

Fox, 1987; Nelson and Forsythe, 1989; Groome 

and Thorkelson, 2009̡̣l�ȕŤ8ȅBˡBNɽ

̛$+jSjXðš8òÊ29 ȕ̢Ť8ȅBˡ

B6G.1áżĨ� 2 km³��ǀ$̢¢ƻ�

3̝ƻ�38̀6�ƶĆNƁƚ$1�J

̠Cande and Leslie, 1986̡̣ jSjXðš8ǖÊ

2QzjSq8~Rmc���q�m]ű²N

ǥʾ$+ Haschke et al. (2006)9̢ȱ����q

3e��TR�r�8ȅBˡB6G.1 �̢ɋ

���q�ɐʋ$ á̢ż
żĨ� 3
4 km�ǀ$

+3ƭń$+̣A+̢h���ˉšȆ8ȕŤȅ

BˡBĬ29̢2.3
2.8 km8áżĨ8�ǀ�ʹ

ɢEHK1�J̠ Taylor and Exon, 1987̡̣ 39 Ma

̕8¯̕Řʏ8�ǀ�àã9̢ȕŤ8ȅBˡB

6˖ě&JáżĨ8�ǀ8ÿʕƒ��J̣̜ Ǯ

?�̠2018̡9̢ƽ̜ıƚŬ8Ȳ̞ś¢8d�

`�Öɾǆ��8ǊEʝ�ɮĿʏ8}�]ű

²N 39.6 � 0.9 Ma3$1�J̣!8©ņ9̢

ƽ̜ıƚŬNƁƚ$+ȱS��q8ű²� ca. 

40 Ma2�.+!3NɚĖ$1�I̢áżĨ8

�ǀ3?@�ʗ$1�J̣ 

� ť�?�̠2002̡9̢ìȕ˭¢Ĺ˳8áǎȤ

ƻ�ɴʤřŘ¢8Ȑɵś˔×Ȫś�H̢̟ ̍Ǻ

Fb]�ɑNĎC���~U�eFɾǆȲś

8śȲNĴ˹6ʹ�,$+ ḅ]�ɑ8ëłɼ

ƚ9̢ʅʛȲśɍ
ʻ˾śɍ8ıƚŶNɚ&̣

ť�?�̠2002̡9̢!KH8ıƚś̘8Àʀ

ȟ3$1 ƽ̢̜ıƚŬ8¹ıƚŶ˳8ÿʕƒN

ƥư$1�J̣ť�?�̠2008̡9̢ɤɏ
V

iŬò˳8Ľƻʁ
¢ƻʁ8ŘŴ3Ĥ˔ǩ˨N

ǥʾ$̢Ľƻ�8tgTŘ̠Ȱˍ?�̢1995̡

�áǎ¢ƻ�³á6ƽ̜Ŭ�Hɤɏ
ViŬ6

sm�3$1ɟè$̢ıƁ$+!3Nɚ$+̣

ĢɁ?�̠2001̡9̢ʵʲŜ8ʶÊ6ÙŪ&J

ƆǎȤƻ�8ʵʲŘ̠ǟɁ�Ǧ̢1997̡¢8ʜ

!�śə8 K
Arű²�H̢Ȥƻ�6ƽ̜ıƚ

Ŭ8Ƒȧ5�ǀ��.+!3Nɚ$+ !̣KH

8©ņ9 Ȥ̢ƻ�8ƽ̜Ŭ�ġʋĬ6�.+!

3NɚĖ&J̣A+̢Takano et al. (2013)9̢ì

ȕ˭ò˳8ĲŽĤĨF)8òƼŹ˽2Ȥƻ�

¢̕8̗ʥ5�ƶĆNƥư$1�J ị̀ȕ˭ǖ

˳29 á̢ǎȤƻ�̓ÝŘʏ8ĪɢƆ6ų��

ƶĆ�˄DHK �̢˳8ĤĨ29!8ǎ̀6¢

̀˔8ȩřȏè̠ª÷Ńřś̡̘��.+̠ǘ

¬�̇ȇ̢1987̡̣ ̚Ș̠1962̡9̢̓ÝŘʏ

ĪɢƆ6ʴǈ�ƺŘ˫è��.+!3Nƥư$

1�J̣!8Ǫ6̢ìȕ˭29Ȥƻ�¢̕8˨

ǩ˫è�ų�ĤĨ2ɖ˄#K1�J ạ́ˣ$+

G�6̢c�oQ��ì˳29 ca. 25 MaA2

Q������q�2ȅBˡB�˪ʫ$1�

+3ƭń#KJ̣³�8©ņ�H̢Ȥƻ�8�

Jǃǎ6X��n]��m]3Q�����

�q3�ʭɥ$+ÿʕƒ�̜�3ʑ�HKJ

̠Fig. 6ḍ̡  

� X��n]ȕ8Ɓƚā9 Ʃ̢à˂Ƹ548Ó

»ɉp�j�5�!3E�I �̢ǁ5Ȭ�Ĵ�̣

X��n]ȕ8òʉNǩƚ&JïšȕɊ8Ɓ

ƚ6́$1EîÙ6ǁH�65.1�5� Ị̌

Ǔ�ȸǏ̠1985̡9̢X��n]��m]�ǃ

ʽĚI6Ě˝&J!36GI Ɲ̢ƁN$+ïš

ȕɊ8ʷN}�mq3$1 ʔ̢żÊ�Ɔˤ$1

30–20 Ma 6ĈȕɊ�˿�+3ƭń$+̣áɁ

̠1989̡Fċȋ̠1989̡̢ Maeda (1990)9̢ïš

ȕɊ8ʶʉNɄ$ ò̢ì6Ź;+˕ĊɟèƺŘ

NƓń$1̢!8ƺŘ� 16�15 MaE$�9 30 

Ma 6Ă'K8˫èN$+!36GI̢áżĨ

�ȕȠÊ6ɟè$ Ɲ̢N˿�G�6ïšȕɊ�

Ƣĵ$+3ƭń$+̣Őǘ?�̠1990̡9̢á

Ɂ̠1989̡Fċȋ̠1989̡3ĈǪ8ʹʼN3.

1�J̣áɁFċȋ8ʹʼNƪɀ$+ĬĆ̢ï

šȕɊ8ʶʉNɄ&JƺŘ6Ȋ.1 400 km³

�̠ ĈȕɊ8ʶʉ8Ů 8̡Ă'K�ƌʷ35J̣

!8˕ĊɟèƺŘ8ìƼŹ˽9 O̢CVBNÚJ

!365J� O̢CVB6)KNɚĖ&JX~g

mq9˄DHK5� ị̈šȕɊ8Ƣĵǃǎ6́

$19̢̓̔ƫǞFr�md˂Ƹ̢ĤȜê˴5

48p�j6ĩ0�1ˌˈ#K1�J̣

Verzhbitsky and Kononov (2006)9̢ïšȕɊ8

ȱȐ˹�H)8ű²N 36 Ma 3ʹɢE.+̣

Karp et al. (2006)F Prokudin (2015)9̢̓̔ƫǞ

6ĩ0�ĈȕɊ8ŘŴ�H Ɓ̢ƚǃǎNƆǎȤ

ƻ�E$�9Ȥƻ�Ǒ3ƭń$+̣Terekhov et 
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al. (2008)9̢ïšȕɊ8ìÊƹ̑�Hr�md

#K+˂Ƹ6ĩ0�̢ïšȕɊ�ƆǎȤƻ�–

áǎ¢ƻ�8�¸8ĪɢŘ3Ɔǎ¢ƻ�–̝ƻ

�8�¸8ĪɢŘ�Hǩƚ#KJ!3NǁH

�6$+̣!KH�H̢ĈȕɊ9ƆǎȤƻ�6

Ɓƚ#K+3ƭń#KJ̣�Ƽ̢Baranov et al. 

(2002)9̢ƟƧš3T�m�8̀8ìÊ�G;

�mh��ȕŠ8ìÊ8ïšȕɊ¢6ìʶ
ò

ǖƼĊ8̓̔ĩɋ8̜AIN˄D !̢KHNƢ

ĵ˞3ƭń$+̣)$1̢32–15 Ma 6!8Ƣ

ĵ˞6G.1ïšż3Űʫ5ƼĊ6Ƣĵ$ ï̢

šȕɊ�Ɓƚ#K+3¤Ž$+̣Baranov et al. 

(2002)9̢Ƣĵ8�Ytf�3$1̢ïšȕɊ

8ìʉ ò̢ʉ�G;¢Ĺ˳8šżƼĊ8Ă'K

ƺŘ6¶���Qz�qɊNƮǢ$1�J

̠Fig. 6ḍ̡ ĠƆš8ǖ˳8q�s�ś–ʜţ˾

ʅś�H 31 Ma8d�`� U-Pbű²�īĐ#

K1�I̠Grave et al., 2016̡̢ !8ʜţś˔ś

9 ï̢šȕɊ8Ƣĵ6˖ě$1Ɓƚ#K+8�

E$K5�̣ 

 

� gj̬ ŚǓ� ʓǽ�G;ºʦ½Ŀǽ69c�

oQ��8Ĥ˔6́$1"Ƴɚ�+,�33

E6 Ʒ̢ȶN˥.1�+,�+  ̣ Viacheslav V. 

Akinin ǽ ̢ Igor Alexandrov ǽ ̢ Elena A. 

Konstantinovskayaǽ̢Yurii A, Martynovǽ̢B. 

Natal’inǽ̢V.G. Prokudinǽ̢P.L. Tikhomirov

ǽ̢ʘǗ� Ɍǽ P̢an Zhaoǽ69ƷȶN˥.1

�+,�+ Ạ̈̄ˆʒ8ŚǓ� ʓǽ�G;ʇ̉ľ

ĕ8ň�ɶĸǽ69ˑ˷5`��qN�+,

�̢ǒɡ9ĵŮ6ƱĘ#K+̣!KH8Ƽ�6

ʿ$1Ɨˋ&J̣ 

 

 

Akinin, V.V., Layer , P., Benowitz, J. and Ntaflos, 

Th., 2014, Age and composition of final stage 

of volcanism in Okhotsk–Chukotka volcanic 

belt: An example from the Ola Plateau 

(Okhotsk Segment). ICAM VI proceed., 

171–193. 

Akinin, V.V and Miller, E., 2011, Evolution of calc 

alkaline magmas of the Okhotsk–Chukotka 

Volcanic Belt. Petrology, 19, 237–277. 

Alenicheva, A.A. and Sakhno, V.G., 2008, The 

U–Pb dating of extrusive–intrusive complexes 

in ore districts in the southern part of the 

Eastern Sikhote-Alin Volcanic Belt (Russia). 

Doklady Earth Sci., 419, 217–221. 

Alexandrov, I.A., Liao, J.-P., Jahn, B.-M., 

Golozoubou, V.V., Ivin, V.V. and Stepnova, 

YU.A., 2018, Eocene granitoids of the Okhotsk 

granodiorite complex (South Sakhalin). 

Doklady Earth Sci., 483, 1499–1503. 

ĢɁ�ß�̇ȇĻó�ǙˍƋ£̢2001̢ƽ̜ř

ʖ8o]qt]e3�ǀˬɠ—ȱƲŏű²

ł�H8ǥʾ̣Ĥ̎ƀī̢76̢93–104̣ 

Ayuso, R.B., Haeussler, P.J., Bradley, D.C., Farris, 

D.W., Foley, N.K. and Wandless, G.A., 2009, 

The role of ridge subduction in determining the 

geochemistry and Nd–Sr–Pb isotopic evolution 

of the Kodiak batholith in southern Alaska. 

Tectonophys., 464, 137–163. 

Baranov, B., Wong, H.K., Dozorova, K., Karp, B., 

Lüdmann, T., Karnaukh, V., 2002, Opening 

geometry of the Kurile Basin (Okhotsk Sea) as 

inferred from structural data. Island Arc, 11, 

206–219. 

Breitsprecher, K. and Thorkelson, D.J., 2009, 

Neogene kinematic history of 

Nazca–Antarctic–Phoenix slab windows 

beneath Patagonia and the Antarctic Peninsula. 

Tectonophysics, 464, 10�20. 

Breitsprecher, K., Thorkelson, D.J., Groome, W,G. 

and Dostal, J., 2003, Geochemical confirmation 

of the Kula�Farallon slab window beneath the 

Pacific Noethwest in Eocene time. Geology, 31, 

351�354. 

Cande, S.C. and Leslie, R.B., 1986, Late Cenozoic 

tectonics of the southern Chile trench. Jour. 

Geophys. Res., 91, 471–496. 

Chashchin, A.A., Martynov, Yu.A., Rasskazov, 

S.V., Maksimov, S.O., Brandt, I.S. and 

Saranina, E.V., 2007, Isotopic and geochemical 

characteristics of the Late Miocene subalkali 

and alkali basalts of the southern part of the 

Russian Far East and the role of continental 

lithosphere in their genesis. Petrology, 15, 

575–598. 

Chashchin, A.A., Nechaev, V.P., Nechaeva, E.V. 

and Blokhin, M.G., 2011, Discovery of Eocene 

D� V� F� T 



ċȋĔ̈�ȃɁÄĸ���ʄĆĤ˔�̧Ũ��	��������
��

�23 

Adakites in Primor’e. Doklady Earth Sci., 438, 

744�749. 

Chekryzhov, I.YU., Popov, V.K., Panichev, A.N., 

Seredin, V.V. and E. V. Smirnova, E.V., 2010, 

New data on the stratigraphy, volcanism, and 

zeolite mineralization of the Cenozoic 

Vanchinskaya depression in Primorye. Russian 

Jour. Pacific Geol., 4, 314–330. 

Cross, T. A. and Pilger, R.H., 1982, Controls of 

subduction geometry, location of magmatic arcs, 

and tectonics of arc and back-arc regions. Geol. 

Soc. Am. Bull., 93, 545–562.  

Domeier, M., Shephard, G., Jakob, J., Gaina, C., 

Doubrovine, P.V. and Torsvik, T.H., 2017, 

Intraoceanic subduction spanned the Pacifc in 

the Late Cretaceous–Paleocene. Science 

advances, 3, eaao2303, DOI:  

10.1126/sciadv.aao2303. 

Emel’yanova, T.A., Lelikov, E.P. and S’edin, V.T., 

2006, Geochemical features of the Okhotsk Sea 

Cenozoic volcanism. Geo-Mar. Lett., 26, 

275-286. 

Farris, D.W., Haeussler, P., Friedman, R., Paterson, 

S.R., Saltus, R.W. and Ayuso, R., 2006, 

Emplacement of the Kodiak batholith and 

slab-window migration. Bull. Geol. Soc. Amer., 

118, 1360-1376. 

Forsythe, R.D., Nelson, E.P., Carr, M.J., Kaeding, 

M.E., Herve´, M., Mpodozis, C.M., Soffia, M.J., 

and Harambour, S., 1986, Pliocene near trench 

magmatism in southern Chile: A possible 

manifestation of ridge collision. Geology, 14, 

23–27.  

Fuis, G.S., 1998, West margin of North America— 

a synthesis of recent seismic transects. 

Tectonophys., 288, 265�292. 

Fuis, G.S., Moore, T.E., Plafker, G., Brocher, T.M., 

Fisher, M.A., Mooney, W.D., Nokleberg, W.J., 

Page, R.A., Beaudoin, B.C., Christensen, N.I., 

Levander, A.R., Lutter, E.J., Saltus, R.W. and 

Ruppert, N.A., 2008, Trans-Alaska crustal 

transect and continental evolution involving 

subduction underplating and synchronous 

foreland thrusting. Geology, 36, 267�270. 

Geodekyan, A.A., Udintsev, G.B., Baranov, B.V., 

Beresnev, A.F., Burk, C., Bogatikov, O.A., 

Gabov, V.V., Gnibidenko, G,S., Dmitriyev, 

Yu.I, Zonenshayn, L.P., Kurentsova, N.A., 

Raznitsin, Yu.N., Rudnik, G.B. and 

Sushchev-skaya, N.M., 1977, Solid rocks of the 

floor of the central part of the Sea of Okhotsk. 

Internat. Geol. Rev., 19, 817�834. 

Glorie, S., Alexandrov, I., Nixon, A, Jepson, G., 

Gillespie, J. and Jahn, B.-M., 2017, Thermal 

and exhumation history of Sakhalin Island 

(Russia) constrained by apatite U � Pb and 

fission track thermochronology. Jour. Asian 

Earth Sci., 143, 326�342. 

Grave, J.D., Zhimulev, F.I., Glorie, S., Kuznetsov, 

G.V., Evans, N. Vanhaecke, F. and McInnes, B., 

2016, Late Palaeogene emplacement and late 

Neogene�Quaternary exhumation of the Kuril 

island-arc root (Kunashir island) constrained by 

multi-method thermochronometry. Geosci. 

Frontiers, 7, 211�220. 

Grebennikov, A.V., Khanchuk, A.I., Gonevchuk, 

V.G. and Kovalenko, S.V., 2016, Cretaceous 

and Paleogene granitoid suites of the 

Sikhote-Alin area (Far East Russia): 

Geochemistry and tectonic implications. Lithos, 

261, 250�261. 

Grebennikov, A.V. and Maksimov, S.O., 2006, 

Fayalite rhyolites and a zoned magma chamber 

of the Paleocene Yakutinskaya volcanic 

depression in Primorye, Russia. Jour. Mineral. 

Petrol. Sci., 101, 69�88. 

Grebennikov, A.V. and Popov, V.K., 2014, 

Petrogeochemical aspects of the Late 

Cretaceous and Paleogene ignimbrite volcanism 

of East Sikhote-Alin. Russian Jour. Pacific 

Geol., 8, 38�55. 

Groome, W.G. and Thorkelson, D.J, 2009, The 

three-dimensional thermo-mechanical signature 

of ridge subduction and slab window migration. 

Tectonophys., 464, 70�83. 

Guo, F., Nakakura, E., Fan, W., Kobayashi, K. and 

Li, C., 2007, Generation of Palaeocene adakitic 

andesites by magma mixing, Yanji Area, NE 

China. Jour. Petrol., 48, 661�692. 

Haschke, M., Sobel, E.R., Blisniuk, P., Strecker, 



ċȋĔ̈�ȃɁÄĸ���ʄĆĤ˔�̧Ũ��	��������
��

�24 

M.R. and Warkus, F., 2006, Continental 

response to active ridge subduction. Geophys. 

Res. Lett., 33, L15315, doi:10.1029/2006 

GL025972. 

Harbert, W., Tsukanov, N.V., Alexeiev, D.V., 

Gaedicke, C., Freitag, R., Baranov, B.V., S. G. 

Skolotnev, S.G., W. Kramer, W. and Seifert, 

W., 2009, Paleomagnetism of the Cretaceous 

rocks from Cape Kronotskiy,� East Kamchatka 

and reconstruction of terrane trajectories in the�
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Abstract 

   The geotectonic setting of Eocene plutons in Hokkaido and Sakhalin remains poorly constrained. 

Here, we propose that the plutons are a geological manifestation of subduction of the Izanagi
Pacific 

ridge beneath the Amurian plate and the Okhotsk block. The Eocene plutons in northern Hokkaido 

and Sakhalin were emplaced in accretionary complexes formed at the eastern margin of the Amurian 

Plate. The differences in age of the plutons and the surrounding accretionary complexes are very 

small (under ten and several million years), suggesting that the Eocene emplacement of the plutons 

was a consequence of forearc magmatism. The Eocene accretionary complex in northern Hokkaido 

includes many MORB-type greenstones that were extruded on and intruded into unconsolidated 

terrigenous clastic sediments, implying the presence of active spreading ridge close to the trench. Our 

compilation of ages clearly reveals that the plutons from northern Hokkaido and Sakhalin show a 

northward-younging trend (70 km/my). This evidence suggests a northward migration of a heat 

source along the eastern margin of the Amurian Plate. The heat source is presumed to be subducted 

Izanagi
Pacific ridge. A magmatic hiatus at 51
48 Ma and extrusion of adakitic volcanic rocks at 46


39 Ma in the southern area of the East Shikhote
Alin volcanic belt could be resulted from slab 

window caused by the subduction of the Izanagi
Pacific ridge. Because the plutons in southern 

Hokkaido were emplaced in an accretionary complex formed at the western margin of the Okhotsk 

Block but not the eastern margin of the Amurian plate, they deviate from the younging trend shown 

by the plutons in northern Hokkaido and Sakhalin. Additionally, we examine the geodynamic 

development of the circum-Okhotsk Sea regions from the Late Cretaceous to the Late Oligocene in 

order to shed light on the role of Eocene ridge-subduction in the history.  
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Č˴̶ĬΞɏŚĳȱеit��`\c�]9

/>ȪÂ>΋Ȧе�>�3>дͰ͌R öǻŕ

̗)1íƁ<­<Ŗ6�7�Tжƙǀçͣ�ō

ΪöƱ<5�7?­<Ɲ�QAϠϡ дʹ ƞƛ

ʶƛ<5�7?Į*"Ɲɂ�QAЋɎ дit

��`\c�]<5�7?Į*"Ĥʀ ŕ̗

X͹41ж 

� ġSI9L<�1SдȾƶưưɴȗČƓȗČ

ϛдȾƶưĕˇРʎĈn�q�дčʕϓȒ͕Ŧ

ŷȾƶɑ˒̃Ȓ͕öϡ�ȣčʕϓ̑ōΪ˶̍Ǵ

бːčʕϓ̶̑Ĭ˶̍ɦɞ˓Š�ōΪ˶̍Ƚϛ

ōΪ˶̍ǴвдȦʃg�i�q�xɒǊÆ˿>

ϲÔīË<&ĒĄ9&ÓŽXВ�1ж'R<�

Ȧʃg�i�q�xɒǊÆ˿>ƏɇɥϠ�ɳ

<?д·ρŦɥбStop 1в>ōΪ<5�7ΣΟ

XВ�1жΐ)7дǮ΢>ǬX;)I+ж 

 

�

śŚk÷�¶�� 1:25,000�Ⱦƶ���˴ƛ��

�żƛʞ�ж 

ŜŚĭ�6U:б�\`�I1?��q`�ý

˖в 

� 8:30 ō£ϥ˯УíТôˢ�ʹƞƛƛВ�·

ρŦɥ�˴ƛ̷ōéň�Əϣʥ�˥Ɇʀ�ż 

ƛʞʡʇ�17:45˯УíТ 

ŝŚĭ��í�

Stop 1бʹƞƛƛВвр˴ˋÌōƳ�Ⱦƶǵˉ

ō>Ɨȷ9ō£ɞώ>΋Νдʹƞƛʩƞж 

Stop 2б·ρŦɥвр΃ϡƙ£ϛʶ˷ʏдʶƛ

ǥŉ˴ʏŗ̌ˇдʶƛΊ˽ƞж 

Stop 3б˴ƛ̷ōéňврȏ̕ʶ˷ʏŗ̌ˇ�

ʿ̰ñʷƞд˹˴ƛ˴ͫŹƛƞж 

Stop 4бƏϣʥвр˸ƛƙʋƞдit��`\

c�]˕ôōдŹƛƞƞ͚ж 

Stop 5б˥Ɇʀвр�\Z�d�lq\xдʶ

ƛǥŉ˴ʏŗ̌ˇд˴ͫȘƞж 

Stop 6бżƛʞʡʇвр˴ͫȘƞдʁ ƛǥʡʇж 

ŞŚ�$d$ĭ�lĪ�í�

ΥƷƩ¢ʏ>Άŷg�l<?/>À>ΆŷÙ

΀ōʺ ťȔŴŋ)7�Sдě͋>1L<̖з

Ņ<˾)1 дȽŚĳ8?/>�ϛX΀ΰ˦<

̬¿+Tж 

я/>À>ΆŷÙ΀ōʺѐур̣ϐʁ˝éň_

o]j>ʫб΃ϡƙдƷơɯ§вдфр˯Уí

éňбʁơɯ§͆вдхрʹēéňб΃ϡƙвд

црď·Ƥéňб˹˴ƛw\i\xд˸ƛƙ˹

ΪБƞвдчр_`��jƩ£ʏбȏ̕ʶ˷ʏ

ŗ̌ˇ9£Ë>ʁƩŗ̌ˇвдшрʽƛ˓ˉΧ

æƞÎ͆дщр˸ƛr�£ʏб̝͢ŹƛƞÎвд

ърèāƛбŹƛƞΧæƞÎвдыр˸ƛr�

£ёƏϣʥʡʇб˸ƛƙдdk�Č˴˕ôвд

ьрͲüɥ£ʏбã̖¡̤ͲüƙвдэрΥƷ

Ƣr�i\xб�\Z�d�lq\xвдюр

Υ͈ϦƛбϦƛβōвж 

 

 

� ªȹªȜ¦Āȹ<?���jZ���x 

č̞���x<ē΃ёēē΃ȝİ�RȚL<

ͼ̏)дĮȪ<Èǎvdx{dl ß!ȢȽʕ

>ǽŦ�ĐƤʕ˧>Ǒǲ ͹WU1бȺɂд

2002вж́ƔĤʲƳX?'Y8΃Û<ɽϵ+T

ʕ˧б˴ˋеŧŞx��в дɅÛ<?¢ȥƛ

͚9ɢ,Uțƙ˧ō͆ Ŵŋ)бſŎF�д

1986вд%UR>çÎбčʕϓªμϛв ¨�

��x>Š˜ͼ̏Ƴ9;47�Tж/>ǖдǖ

ȹªȜ¦Xªǟ<çÎ9)7%>ͼ̏Ƴ<�

$TšĈ?·ɡ Ə'";41 дčϛ8?ª

ŪóōƳ>Ǒǲ ϐJдēϛ8?ŨƷʍ���

x>ȚLɽJτJ<Λˢ'U1ĐƤǌŤƳ> 

%� �� (� # 

ĭ���6�U�: 

È°eķ$��ÓĬ 
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΃ϐϑĈ<QSŊ̿vdx{dl ʎˢČ)д

ȢЦƛ͚NďĊƷϡ;:΃Dò>ǌˉǑǯ>

ƛ͚�˧ō͆>Ǒǲ ϐY2бȺɂд2002сƝд

1999вжШȜ¦ȼГ�R?���jZ�č̞¨

���xϱ>Ŋ̿vdx{dl i���е

čʕϓ΃ϛ�ɾĬеɅč�ȜʱȝЍ8ʎˢČ)д

%>p��?“ȢȽʕɅ̽šĈƳ”9ĵ@U7

�Tб̖иŅвж 

� ΃ēčʕϓčϛƛōčɅϛ�R˴ˋÌōƳ

č΃ϛ<Ë̓+TȾƶư9/>ĴσōŔ?д¢

ΐ>ȢȽʕɅ̽šĈƳ>ª<Ë̓Á$RUдШ

Ȝ¦ªГÃϵ?Ʌ΃Ŋ̿>vdx{dlś<

̓�U7�Tжˈ<д/>vdx{dl>ǔА

?˴ˋÌōƳ<ͦʴ"ːWUд/%8?ēčȝ

İ<§Ϲ�Ħō͆ Ǒǲ'UдÌō£<?ō;

8?˫ȅ<˻Κ8!;�΂ȯ͆ Ŵŋ)дť"

>ʎɞώ Ç;WU7�Tж�ȝдȾƶē΃>

ƛō?ǖȹȜ˔Â>ōƙ͆�ʶƛƞН öƱ+

T�WOT“e���q�^�Z”8дªȹªȜ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

¦>Āȹб̖йŅaс1500 ƸĀ>Ĥō˒Ņв 

8?Ĥō˒˦<˴ˋx��>΃Û>ʕŔ8дȾ

ƶē΃̽бżƛʞ΃ϛв?̌¬đƤŖϛ>Ƥ> 

�ϛXɞǲ)7�1ж/>Ƥ?ʶǲ�ʶƛʎĈ

X̯; RǗ�<ǽŦX̲$б̖йŅbс800  

ƸĀ>Ĥō˒Ņвдē΃>ƛōŔ?ШȜ¦ȼГ

>“Ʒŏʩƞ”бʹƞƛʩƞXıKв>ʎĈǖ� 

źç<ϺŔбʶƛǥƛōвČ)1б̖йŅcс

250 ƸĀ>Ĥō˒ŅвжȢȽʕɅ̽8>Ŋ̿

vdx{dl>ʎˢČ9FGĮȪ<дŗ̌Ŕ 

̿Ə)дːŋ>˴ˋÌōƳōŔ<̅Ĉ)1ж˴

ˋÌōƳ?˴ˋx�� ĐƤǌŤƳ>΃ϐϑ

Ĉ<QTŊ̿vdx{dl<QSϺŔČ+T

9ĮȪ</>΃Û<̿Ə�̅Ĉ)1ʕŔXέʧ

9)дǖȹªȜ¦<ŮIS �Tж 

 

 

 

� %>ōŔ>ōΪ?ύļ˕ɛˮΩʧ^}�c 

Ċś�Śĭ�6U:T�íŖ���ôŇŊ����*µ÷���#{ċŗŚŲĭ��íų������ŤĦ¦

¤¤ŏŘ������Ť`ĵ�ÖYâŘ������ŤĀ¤ĕ�s�Ř������Ť�ŃèŖ304M1}Āöu�ŗŘ

�����	ŤüËÙŘ�����
Ť�¤äåÝŚŲ�$d$ĭ�lĪ�íųŦŤĎĹÚùs�2=18$êŖī

Ł¢Ř±§×ZŗŘŧŤþœts�ŖÚ§×ZěŗŘŨŤĦ�s�ŖīŁ¢ŗŘũŤ�`©s�ŖąĀ

¤A070BŘĄ¤¢ąĳŎ¦ŗŘŪŤ23FP8ªYâŖ¾ĉëăâ�ćï"Yh$Úª�ćïŗŘ

ūŤî¤õñĲp¦jěŘŬŤĄ¤?LYâŖČġ�¤¦jŗŘŭŤrz¤Ŗ�¤¦Ĳp¦jŗŘŮŤ

Ą¤?LYŴ�ŃèåÝŖĄ¤¢Ř59N}ĀöuŗŘůŤĤxÖYâŖnĊWďĤx¢ŗŘŰŤı±

¨?L70BŖD0/R5N:>0BŗŘűŤıĝń¤Ŗń¤Ĵ�ŗŚ 

ı±ª[ŴXâ�$�ĳ# 
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�Ƽб1974в�QAϭΤƩ�Əƛíб1978вд

ōΪΞɏǴ20 ö>1ōΪŅ�Ⱦƶ�б˴˗F

�д1980в;:8ȡ<̶Ǿ ͹WU7�T д

υƸдǝČ˴΋ɈNȐƍƸÂʢż<QTƙǀ�

ƸÂΒż>Ά˫) ϐJд2004ё2006Ƹ<?Ⱦ

ƶư<QT`\c�]Č˴ˢȂϲϏ>̶ĬΞ

ɏ ͹WU7�TбȾƶưĕˇРʎĈn�q�

̹д2007вж5 ö>1ōΪŅƵ>�ϩõ���Ⱦ

ƶ�ōŔ��żƛʞ�ōŔ�QA�˴ƛ�ōŔ

<ö$7дōŔɱ<ǙɄ>ƙǀΒż<΍Ğ);

 RдȳȜ>ōƙĎö<Ŗ6!ƙǀ>ɚΏ9Ɗ

ɲX͹�б̖кдлŅвж 

śŚ�ĳ�¯�Ņv�T�È°����

� ōΪŅƵ�ϩõ�бɀȽд1953в8?дȜ̖

¡̤X£ËQSϩõƙ б͆Ƕ̉ƙ�ƏɤíƩƙв

�QAǎ˺ƙ б͆ŹƛƞНвXĎö)д�Ⱦƶ�

ŅƵбƏƛíF�д1956в8?£ËQS˩~ʀ

ƙбªȜ¦в�QA΃ϡƙбШȜ¦в Ďö'

U7�TжƝF�б1991в?΃ϡōŔ>Ȝ̖¡ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĊŜ�Ś~ãĺeķ$���V²ygņ$IQU

BĽĚ"ÄÇãÊę�|®ŖÈ°¬�ïŒá

|<S>UėŘ������ŗŚ�

 

Ċŝ�ŚÈ°eķ$ÃĊWĐ$��ô�ĻŖÈ

°¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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ĊŞ�Śı±ªXâ�$�ĳÓú�ŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 

Ċş�ŚÈ°ī�¤�"�$�Ķ��$ÃĊWď¢³"�ØŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 



ƝF� / ̶ĬōΪ� 3Ưб2019в31�55 

�	�

̤X£ËQSƏɤíƩƙб˹ΪБƞсƙĘ800 m

гвд΃ϡƙбʶƛǥ˽ƞ�Ί˽ñʷƞ�ñʷ 

Ί˽ƞ�ν˴ñʷƞ­Î8ȳ£ϛˏʹΪʋƞс

300 mгвXĎö)дˏʹČ˴΋Ɉб΃ϡƙȳ 

£ϛрAkiba,1986>Rouxia californicaƳр7.4ё

6.0 Maв9FTƸÂʢżбƏɤíƩƙ£ϛν˴ñ

ʷƞр11.9
0.7 Maд΃ϡƙ£ϛν˴ñʷƞр

6.3
0.4 Maв�RдƏɤíƩƙ ªȹªȜ¦ª

ГёǖȹªȜªГд΃ϡƙ ǖȹªȜªГёШ

Ȝ¦Āđ9Ά;)7�Tж 

ŜŚ�ĳ�¯��¤ä����

� 5 ö>1ōΪŅƵ>�żƛʞ�бŉƔд1953в

8?дã̖¡̤ͲüƙXЛͰ;¤ȕĬ8΅�Ȝ

̖¡̤X£ËQSżƛʞƙ͆бˤɶƩƙдˤ¸

Ʃƙ�ĮȪ˟ˬ8Υ͈ƙдʥ>ʀƙд˥ Ɇʀƙд

ʫ>ʀƙ͆б�>ʀƙдɇĂʀƙв�QAŧˊ

ƠЃŜƞƙб́űƠЃŜƞƙ�ΥƷƢЃŜƞƙв

 Ďö'U7�Tж 

� ʀ¸F�б1988a, bв�QAʀ¸F�б1992в

?ȣΥ͈ϦƛÁυ>Ȝ̖¡̤<5�7дĮϦƛ

ϲÔ>ť">ǲɊ>¢<ϡŤΞɏX͹�д£Ë

QSƏɎʀƙдȽƛƙдϭϮƙд�):Sʀƙд

¡Ƚ͒ƙдŦɺƛƙ�QAȜȹŹƛƞНXĎö

)7�TжȐƍƸÂ�Rд23.9
0.9 MaбFTƸ

Âв>ƏɎʀƙ?Ĥ̖¡̥ʮȜ¦ȼёĀȹªȜ

¦úЖд14.2
0.4Ma�13.3
0.9MaбFTƸÂв

>Ƚƛƙ�QA8.8
0.3 MaбFTƸÂв>�):

Sʀƙ?FGªёǖȹªȜ¦д2ё3MaĀǖ>

KеArI1?FTƸÂ ˾'UT¡Ƚ͒ƙÃ¢

>ȜȹʶƛƞН?ШȜ¦ªёǖȹ>ȪÂ<Ë

̓Á$7�Tж 

� ʠσF�б1986в?Υ͈ϦƛɅȝōŔбʫ>

ʀ�ʥ>ʀв>Ȝ̖¡̤<5�7д£ËQSƏ

ɎʀƙдȽƛƙдϭϮƙбȽƛƙ¢ϛ9ĮȪ˟

ˬϲÔв>ĎöX͹�дȽƛƙªϛ<?'IU

Tʋƞ>16Εș<5�7ȐȓͶČ˴΋ɈXž

Ȟ)дFG 15ё 13 MaX˾+ Cyrtocapsella 

tetraperaеEucyrtidium inflatumƳXΚLȽƛƙ

 ªȹªȜ¦ªГб12ё15 Maв9)7�Tж

%>̰Ɋ?ʀ¸F�б1992в>̰Ɋ9FG�͠

)7�Tж 

� ʠσF�б1992в?ΥƷƢÁυ> “ΥƷƢЃ

Ŝƞƙ”<5�7д7.6
0.4 Ma>KеArƸÂбǖ

ȹªȜ¦ǖđвXŚĳ)7�Tж%>ƸÂ?ż

ƛʞƙ͆>¢Ë>˸ƛƙ¢ϛ>ƸÂ8�Tж 

ʠσF�б1989в?˥Ɇʀ<5�7дϡŤΞ

ɏб��xΞɏв<Ŗ6"ȐȓͶČ˴΋Ɉ�R

ɚΏ)7�Tж˥ Ɇʀ�QAΥƷƩʁƿʅ�>

Əϣʥ��xб˸ƛr�ʣēơёèāƛ£в>

Ȝ̖¡̤?д`\c�]ˢȂϲϏ8Ξɏ�˶̍

 ͹WU7�SдΆŷōīΝ8ΝȦ+Tж 

ŝŚ�ĳ�¯�Ā¤����

ōΪŅƵ>�˴ƛ�бŉƔF�д1956в8?д

Ȝ̖¡̤?£ËQSʬƩƙбʬƩ˵ƞБƞϛ

ƙ�ϣƛʀБƞϛƙ� Ύʀˍɪƞ����z

\Ʃñʷƞϛƙ�¡͒ƩšȿŹƛƞ�ʥ>ʀñ

ʷΪ˵ƞϛƙ�ЎСίšȿŹƛƞвд�>ʀƙ

бͳ>ʀ˵ƞБƞϛƙ�̝͢БƞϛƙвдɇĂ

ʀƙбèĩʀ˵ƞБƞϛƙ�ɇĂʀ˹ΪБƞϛ

ƙвд˴ƛƙбʜʫ˵ƞϛƙ�èőüЃŜƞϛ

ƙв�QAʩƞНб˸˴ƛʩƞ�ƤɆƛʩƞ�

ĘüƩʩƞ�ˤȠƛʩƞ�ʽƛʩƞ�̎ʄƠʩ

ƞ;:в Ďö'U7�Tж 

� ƩʅÁυбʹƞƛёʹēéňвдͳϡÁυбď

·ƤéňёˤƩɥвд˸ƛÁυбèāƛ£ёΉ

Џʀģв;:<5�7?`\c�]ˢȂϲϏ8

ƙǀ�ǝČ˴΋Ɉ�ȐƍƸÂʢż ͹WU7�

SдΆŷōīΝ8ΝȦ+Tж 

 

 

śŚ¢� ³�

� `\c�]Č˴>˕ô<ϲϏ)7Ξɏ�˶̍

X͹41ΥƷƩ¢ʏŔбēĎżƛʞʡʇÁυё

ΥƷĎª>Ƥв�QAȴƆ§Ϲēϛ>ōΪɝ˞

öƱ9ƙǀ?̖кдлŅ>Q�<ġSI9LR

UTж'R<ɡǊ˦ɍˉŅ?̖мŅ>Q�<I

9LRUдΆŷōʺ>Ë̓бƙʨвM˾)1ж

ˈ<дȜ̖¡̤<5�7?£ËQSżƛʞƙ͆д

˸ƛƙ�QA΃ϡƙ Ďö'UTж 

� żƛʞƙ͆бŉƔд1953в?ǙɄ>ōƙĎö

бį̄в�Ɗɲ<'I(I;ʛ± �Sд`\

c�]Č˴ϲϏΞɏ8?Ȯżȇ̓9)7ɞǲ

̪ƙ>ġSǸ�?ΞɏōŔ>J8>ƞˬĎö

<Ŗ6"9)дņȵį?Á$,£ËQS�Ƴ̷

ͦʶ˷ƞƙ�д�Ƴ̷ͦʶ˷ƞʋƞƙ�д��

\Z�d�lq\xƙ�XĎö)7�Tж 

� ˸ƛƙ?Ɲ (1991) ΃Ď΃ϡōŔ8Əɤí

Ʃƙ9)1M>8дύļ˕ɛˮΩʧ^}�c�

Ƽ (1974)>�˸ƛƙ͆�<FGˬǐ+Tж` 

\c�]Č˴ϲϏΞɏ8?ƞˬXΗ̫<ɚΏ 

ı±ªXâ�"�$�Ķ$�ĳÓĬ 
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)1̰Ɋд̪ ƙ<̫ö8!;�9>ûț8ƙ͆

Ǹ�?͹47�;�ж 

� ΃ϡƙ?ƏƛíF�б1956в8ШȜ¦>ʶƛ

ƞ�ŀôˇ­Î>ōƙ<Ɗ)7ϗ˖'U1ōƙ

8дŉƔF�б1956в8˴ƛƙ Ð˖'U1Ã

Ť?%>į̄>Ð˖ ż˱)дġSǸ�<5�

7Ŧ!;ʛ±?;�ж 

ŜŚ�ĳÔĸ�

� ōΪɞώ?ΥƷƩ¢ʏŔ�˯УíƩʏŔ>ō

Ϊɝ˞Ņб̖кŅвдīΞɏ��x�ōŔɱ>

ōΪΞɏ�΋ɈŅ<΂ȯμдΧæƞÎ�QAά

İ�ÞȚ;:9)7;)1ж 

śŗÈ°ī�¤�\ļ�

� ŦƏɟ�;ʶƛƞбʶǲƞвΧæƞÎ9ʊˉ�

 

΂ȯɞώ<QSˈǞÁ$RUдżƛʞ˴ͫȘƞ

Î9/>Ĵσ>¤·ÿ΂ȯд˸ƛʊˉ΂ȯдͳ

ϡΧæƞÎ͆�QAȾƶƠе̎ʄƠ��m�

 Ďö8!Tж 

� żƛʞ˴ͫȘƞÎ9/>Ĵσ>¤·ÿ΂ȯ

ɞώрƞÎ͞Î>Η̫;ɞώ?¤Ȧ;%9 ť

"дō;ϛ8?Ά�$¢дēč<ǈA1Ǒǯ>

΁Ȕ>ƞÎ<ö�UTжȽƞÎ?Ĵń>ōƙ<

ȦR�<šǑX¥�țƙϲÔXġT%9�Rд

đņ̰I1?Ц̢ǥˉǯ8>�e�Χæ ˾

ĺ'UTжͲü�ΥƷƢōŔ8?ȽƞÎ9ã̖

¡ б̤Ͳüƙв>ϱ<öƱ+Tżƛʞƙ͆ 20°


Ã£>ÞȚ8Ʌ΃<υ�μXM41ʊˉ΂

ȯXƓϛ˦<˾)дã̖¡̤ƞÎĴσ8?άİ

?ēčȝİ9;TжΥƷƢÁυ8?Įƙ͆�\

Z�d�lq\xƙ ŦƓ˦<ɅёēɅÞȚ

б15°ĀǖвX˾+жčɅÛ>́Ɣʀ8?�\

Z�d�lq\xƙ čɅеē΃>μXM4

1͖ȚɞώXǲ+ж˥ ɆɥXªǟ9)1ƞÎ>

Ĵσ8?ɅÛб˥Ɇʀæģ�Ъ>ʀв8Ĵń>

˸ƛƙ<đy��ˉɞώXM1R)7�Tжƞ

ÎčɅÛб˥Ɇɥв8?č΃еēɅμ>΂ȯ 

�SдƞÎ<ȅυ+T9ōƙÞȚ 90°υ"<

;Tж 

� ˸ƛʊˉ΂ȯɞώрΥƷƩʅ�>Əϣʥ`\

c�]Č˴˕ôō�R˸ƛˢЈǴÁυI8>

ōŔ9˩>ʀƩʏŔ�̝͢Ʃª�£ʏŔ>̛ń

í8?˸ƛƙ č΃еēɅёčč΃еēēɅ

>μȝİ8дōƙÞȚ15°Ã£>΂ȯɞώXǲ

+ж΃�RƏϣʥ�èāƛ�̝͢�ΉЏʀƞÎ

 �Sд/UR>Χæ>ǔА8дυȅϛ8?ō

ƙ>άİ ƞÎǈϭȝİ<�͠)дǤ̑+TQ

�<;Tж;�д̝͢Ʃ£ʏŔ9/>ɅÛ>ͳ

ϡΧæƞÎ͆бϡ>ʀʩƞв9/>Ĵσ<5�

7?дèɃF�б2008в ʶƛƞН>­ǲöö

Ɉ�ƞ˴ΐοдŗ̌ƞНбɇĂʀƙ�˸ƛƙ>

�ϛ��QA΃ϡƙв>ˏʹöɈX͹47�Tж 

ͳϡΧæƞÎ͆р˹˴ƛƞÎд̝͢ƞÎдϡ�

ʀƩ¢ʏΧæƞÎ͆бкƞÎвдƴ˩΃ƞÎ�

QAƴ˩ɅƞÎQS;Tж%>ƞÎ͆öƱŔ?

ƞÎØ�>ĴσX˸ƛƙ ġSƯ!дĮƙ?Χ

æ>ǔА8±UTж%>öƱŔ?çÎ9)7?

ē�RǈATƴ˩͖Ț>̛ńí8�Tж˹ ˴ƛ

ƞÎ>Ĵσ>˸ƛƙ?đy��ˉɞώXġTж 

�  

ĊŠ�Śı±ªXâ��)&Æ�Zň�ļ$Õ´Í

ñ�ŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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� ȾƶƠе̎ʄƠ��m�рŚĳōŔŤ>ǧǅ

ư΃̽ϛбȣä̒ϦƛĴσв>ϓϓȏ̕ʣ̸Ã

΃8?˸ƛƙˬǐƙ>΃Û<΃ϡƙ öƱ)д 

̎ʄƠƛВŔ<İ$7΃ÞȚ>ɞώXġTж'

R<д̝ ͢Ʃ¢ʏŔN˯УíƩ¢ʏŔбʥ>ʀв

8?˸ƛƙ>¢Ë<΃ёē΃ÞȚ8΃ϡƙ 

öƱ+TжȾƶƠ΃Û8>΃ϡƙˬǐƙ>öƱ

ˉʆ?¤Ȧ8�T дΥƷƢÁυ8?żƛʞƙ

͆�\Z�d�lq\xƙ ɅÞȚ8ȾƶƠ

ƛВϛ<İ�47ɽJτY8�Tж�ȝдȾƶ

ƠčÛ>Ъ>ʀ¢ʏ8?˸ƛƙ>¢Ë<дȾƶ

Ơ<İ�47΃ϡƙ ēD10°
>ÞȚ8öƱ

+Tж%>Q�<дȾƶƠе̎ʄƠōŔ?ƛВ

ŔXɞǲ+T�WOT“Ʒŏʿƞ”>£Ë<΃

ϡƙ ��m�ˉ>ɞώXġ47öƱ+Tж 

ŜŗÈ°ī�¤�ÊęŴŁ°Zň�ļ�

� ȏ̕ʶƛŀôˇбʶ˷ʏв<ƽ"΅WUдΗ

̫?ż�8?;� дЊЖǪŚ<ʡʇ�ɶ¸ǳ

����e;:>ǪŚXĆ�7ûț+T9дȜ

̖¡ �̤̖ Ł̤>ϭŦ;΂ȯƳбēč>μȝİв

9;47�Tж΃�Rƴ˩͖ȚдȴƆ͖ȚдŦ

ȯеρĘİȚϛ�QAϡƶ͖ȚQSɞǲ'Uд

/>�3ƴ˩�ȴƆ͖Ț?Ã£>9�S8�Tж 

� ƴ˩͖ȚрȽ͖Ț?/>μ ΞɏōŔŤбǧ

ǅưíв>ȏ̕ʣčɅơƛōб\s��gt�

ƛē΃Ûв�RŮISčDİ�47ʬƩ���

�z\ƩXɢ÷SдȾƶưí<æS˯УíƩʥ

>ʀæģÁυXύϒ)ͳϡɅϛI8̲"дǈϭ

30 km�IS>ϭŦ;͖Ț8д�ϛ<źȭΪƞ

>ΧæXĢ$7�TбϭΤƩF�д1987вж 

� ȴƆ͖ȚрōǑ˦<?ȴƆ§Ϲčϛ Ζǐ)д

ϡƶƙ͆¢ϛ<Ɗǡ+Tɯ§Ѝ ʎ΂ȯXǲ

+жȾƶư>ō£ɞώΞɏбōЉȄɏ�ΥƷƩ

ʢ̸�в<��7ΥƷƩčơ>Ʌͩ̋Áυ8M

ʰŋ͖Ț ˻Κ'UбƝд2005вд˯Уíēȝ

�RΥƷƩčơDψβ8!TжëÎ˦<?ΥƷ

Ďª~ƤÁυ8?д˥Ȭňɶ¸ǳб����e

ʚǂ175 mв8ʚǂ0ё11.5 m>ɯ§ŗ̌ˇбƷ

ơЍвÃ£ ΃ϡƙб˵Ϊʋƞ�˵ƞв8ɁȺ

ʀƙ?öƱ);�ж/>Q�;ōΪˉʆ?ō;

ōΪΞɏ̰Ɋ8MȦR�8д΃ÞȚ35°̆ǂ>

΃ϡƙXΉƇ8!TбƝF�д1991вж΃Ɲ>

ȴƆSK-2б����eʚǂ1,903 mв8?ʚǂ

463 mдĮSK-1б1,609 mв8?520 m<΃ϡƙ

бǐüƙв£϶ ˻Κ'Uдʚϛ8čɅ¢ S

>иёй>ϊțƙ>Ŵŋ Śĳ'U7�Tбŉ

˗д1961a, bсƝF�д1992вж 

� ʹƞƛƛВбɠЦ536.8 mв>ƗȷĦ<̑3č

X˰LT9д¼ģ197 ¼б2019Ƹ7ȴ1ȢȆΎв

XȎ+TȾƶ>ưͻō ˪<æTб̖нŅвж

ưͻ>ɅƃSXč<İ�47ʏUT> ΥƷ

Ʃ8д�^k�x?z\�>1IM>�<ʨ�

U@�Ⱦƶ?ΥƷƩ>1IM>�9΍�%9 

8!Tжưͻªǟϛ?ΥƷƩ>ϑY2˽�˵Q

SǲTǵˉōбȾƶǵˉōв>¢<Ŵŋ)дм

ȴГI8Ї ɮTȾƶ΃ēƛō�R?ΥƷƩ

Xύ*7Υƅ8ͥΪ;ɶ ưɴ<M1R'Uд

/>�ϛ?ǵˉōŗ̌ˇ<æSō£ɶXʗП

)7�Tж 

� %%�RƗȷ8!T˴ˋÌōƳªёčϛ9

/>Ĵσ>ōǑ?дŦƓ˦<дÌō�Ħō�§

Ϲ�ƛō<ö$79R�T%9 8!Tб̖о

Ņвж%>�3Ìō?˴ˋƩɶ̤>ɾ̌Ìō8

�Sд˴ˋƩɶ̤>˵ƩÌōбƳвдĐɭƩɶ

̤>ϭʄÌō�QA˴ˋƩ£ʏŔ>˴ˋƷϡ

бˌ͇в<ö$T%9 8!TжÌōƳĴσ<

?Ħō�§Ϲ͆9)7д˴ˋ�Сψ�ϡƶ�ȴ

Ɔ§Ϲ Ŵŋ)д/UR>­Î?į̄9?ü<д

ŖȽ˦<?ʕɶʨšĈXğȨ)1ĦōŔ8�

Tж'R<дȴƆ§Ϲēϛ9ĐɭÁυ?ȏ̕ʶ

ƛέʧ>ʶ˷ʏĦō ϰɈXĢ$1ōǑXǲ

+ж˴ˋƷϡ?ƛЫǵˉō͆бΥƷƩ�ˢƆƩ

;:>ǵˉō͆вдȾƶčϛÌōб̾ȗʕϐ>

�e��Ŕ8ʋʹō9ͷ͹ʁƩ ˈǞвд˴ˋ

ʕơÌōбíϺ�Ŗͯƛ˵§�̾ȗʕϐȪ? 

Ċš�ŚĦ¦¤¤ŏ�*~Ê'���!ı±ª�

)&Āò±Ł.ÿ(,Ś 
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˵ƪ�дͧ˝Ìō�ʒŘƷϡ��QAʕơ˵

§в8ɞǲ'U7�Tж 

� ˴ˋƷϡ>ƽ"Ʒŏ;ɟŲXΆT9ō£ɞ

ώMĔΞ;M>>Q�<ǣWU 32 дōΪ

ɞώ˦<?΃�Rд˴ˋʦơ΂ȯϛдȾƶɅϛ

еǐüɽϵϛдϡƶеϣʀ͖Țϛдϭʄɽϵϛ

<ö�U7�TбƝд1997вж%>�3ˈ<д

ȾƶɅϛеǐüɽϵϛ?ЛͰ;ÌϠĄŔXǲ

)дȔ100 ƸĀÃϵ>ōɰšĈб}_vdx

{dlв ʎˢ8д̖ Ł̤ ȳŦ1,500 m>Ę'

8ŗ̌)7�Tж1995Ƹ>ϳ́ŦЉʸÃɄдȾ

ƶÁυ8MíϺʎțƙ<QT˫£ŒōЉ>ė

ϻǥ9ŗ̌Ʒϡ>ōЉĈбǏЉĈ�ϭĴȹōЉ

Ĉв ĽЙ9;SдȾƶư?Ň>ōЉϲÔŖ˼

ΞɏºÁϣXĢ$7ğƍʉōЉȄɏ;:>ō

£ɞώΞɏXžȞ)1ж%U9©͹+TQ�<

čʕϓ̑ōΪ˶̍Ǵ8?ō£ɶ�ʡʇϰˢN˴

ʂȄɏ>����eΐϪбɍˉŅвX̰Y8ț

Ѝ΋ɈXžȞ)7�TбƝд2005вж̖пŅ<

Ⱦƶư<QTȾƶčϛбčĎƚ˗�Rˤ˴ĎɅ

̞ϟI8в>ōЉȄɏ̰ɊX˾+ж%U8ȦR

�;Q�<дǐüƙбǖȹªȜ¦ȼёШȜ¦ª

Гв9ɁȺʀƙбШȜ¦ȼёĀȹȰȜ¦в>ϱ

<?�ϛȕĬе�ϛȚº¤ȕĬϲÔ Ȧ˲8

�SдȢȽʕɅ̽8>Ʌ΃Ŋ̿ 300 ƸĀГ 

Ãϵ<ʎˢČ)1%9XğȨ)7�TM>9 

Ά;'UTбƝд2005вж 

 

�

śŚ¢� ³�

� ʹƞƛ?дƛВ�RēɅȝİ<ǈATЏĝˉ

>ʩƞʏōǑ ÖŴ'Uд/>ϱ<?ʑ�Τō

ǑX˾+ƛЫ̺ȚЍXǑǲ)7�Tжʹ ƞƛ>

ōΪƙǀ?д£ËQS΃ϡƙдθͤƟʩƞдʹ

ƞƛʩƞдƛЫ̺ȚЍŗ̌ˇ<Ďö'UTб̖

10ŅсȾƶưĕˇРʎĈn�q�̹д2007сЋ

ɎF�д2007сЋɎ�Ɲɂд2008вж 

� ΃ϡƙрʹƞƛ>ŖǁϛXɞǲ)дΊϯ˴w

\i\xΪ>Ŝˉʩƞд�\Z�d�lq\xд

ŹƛƞΪν˴ñʷƞ�QAʋƞ�R;TжΊϯ

˴w\i\xΪʶƛƞН?­9)7čÛ>ʹ

ƞƛʩƞ>£Ë<öƱ+Tж%UR?ɍˉ̚˒

�ɇˉ̚˒>ˢϔ)1Ŝˉʩƞ8д/>�ϛ?

Χæƞ>ĥ͙ǥ �TжčɅÛȚЍ8?д˽Ǖ

 ȳŦ30 cm<ϔ+T�\Z�d�lq\x>

˕ˉX˾+жʹƞƛlb�śæSģбʹƞ£в

>ȃ˴śβ?ɍˉ̚˒>ЛͰ;ʩƞ�Χæƞ

X­Î9+TΊϯ˴w\i\x�R;Sд4.1


0.2 Ma>KеArƸÂÚ Śĳ'U7�Tбʠ

σд1993bвж'R<д·ρŦɥÁυбGo-3ё4в

>ʶƛΊ˽ƞª>w\i\x˽�R?3.78


0.10 Ma>KеArƸÂÚ ʢż'U1бЋɎF�д

2007вжν˴Ϊñʷƞ?č>ʀĴσ9ΥƷƩʁ

ƿ8ΚLRUдŹƛƞΪ>ʙɻ>Ǩ�ʶ˷ʏŗ

̌ˇ9JRUTжĮɟ>ν˴ñʷƞ9ʋƞ>Ə

ЊЖ дēÛ>ʩƞʏXɞǲ+Tʹƞƛʩƞȼ

̓ϛд�QAʹƞƛƛВ>čÛȚЍ8˻Κ'U

Tж 

� θͤƟʩƞрπ˴ŹƛƞΪʩƞ�Χæƞ�R

;SдȚȝπ˴дĔȚπ˴Șȭ99M<͸ОǑ

>˴ͫȘȭ ˪̑5жʹ ƞƛ>čƒɔ̏̓ϛ<

�1TθͤƟĴσ<öƱ)дɍˉ̚˒>ˢϔ+

TŜˉʩƞ�ΧæƞН�R;TжĮɟ>π˴Ź

ƛƞΪΧæƞ?ʹƞƛčɅƛЫбɅȽМƉčʕ

ǛǇÁυв<MöƱ)дN65°Eȝİ<Χæ)1

Ȕ mƵ>ƞ͚ ΚLRUTжθͤƟ>π˴Źƛ

ƞ�R2.84
0.08  Ma>KеArƸÂÚ ǚRU

7�TбȾƶưĕˇРʎĈn�q�̹д2007вж 

� ʹƞƛʩƞрʹƞƛƛÎ>­ϛXɞǲ)дʩ

ƞʏ9)7>ʶƛōǑXɲξ˦ɮ)7�Tжɍ

ˉ̚˒9ɇˉ̚˒>ˢϔ)1ŜˉʩƞX­Î 

ĊŢ�ŚĀòi�®[T~ļ$�¶�wŖÈ°

¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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9+T дƛВϛ9ēƒɔϛ>�ϛ?Χæƞ>

ĥ͙ǥ �TжȽƙ?дōǑ�QAƞ˴ΐο˦

ˈǞXM9<д£ËQSʹƞƛʩƞIIбMo-IIв

9ʹƞƛʩƞIбMo-Iв<Ďö'UTжʹƞƛ

ʩƞIIбMo-IIв?Џĝˉ<ǈATčÛƒɔ�R

ƛВÁυ<�$7öƱ)дɍˉ̚˒дɇˉ̚˒

>ˢϔ)1ĔȚπ˴—�YRY˴—Țȝπ˴

ŹƛƞΪʩƞ�R;TжȽʩƞ?дčÛƒɔX

ɞǲ+TMo-IIa9ƛВÁυ>͡ˉōǑX˾+

Mo-IIb<̫ö'UTжʹƞƛʩƞIбMo-Iв?Џ

ĝˉ>ēÛƒɔ�RƛВ<öƱ)дĔȚπ˴—

Țȝπ˴—�YRY˴ŹƛƞΪʩƞ�R;Sд

͸ОǑ>˴ͫȘȭXЛͰ<ıKM> �Tж

Mo-I?'R<Mo-Ia9Mo-Ib<Ďö'UдĀ͌?

ƛВ�RēÛƒɔ>ȼ̓ϛI8ƽ Tʩƞʏ

Xɞǲ+TжMo-Ib?ēÛƒɔ>ª͜9ƛВ>

΃Û�QAččɅ>ƛЫбȾƶƷĶŝв<öƱ

+TжēÛƒɔª͜>Mo-Ib?č΃—ēɅȝİ

>ƒɔ<ʅ47Ŝˉʶƛƞ Њô)7�SдĮ

ȝİ>ĂU˪ŀʶ<Q47Ǒǲ'U1ĥ͙ǥ

 �TжƛВ>΃Û9ččɅƛЫ<öƱ+T 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mo-Ib?Ə·ɡ;Χæƞ�ʩƞy��9JRU

Tж�,UMɍˉ̚˒Nɇˉ̚˒>ˢϔ)1Ŝ

ˉʶƛƞ�R;T дēÛƒɔ>Ήäϓγʅ� 

N΃ÛȚЍ8?дlg�ZΪʶƛȐôˇ ΚL 

Ċţ�ŚÈ°¬#),��Þ�ŋ½ÏŖE0HR70:Þŗ�£øŴÊčĿæĖ�$�ĳĮľŖÈ°¬Ř

���� ��ť¥Ř���
 )+¿ėŗŚ 

Ċ �� �ŚĦ¦¤�ĳ�ŖÈ°¬�ïŒá|<S

>UėŘ���� ��ŗŚ 
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RUTжʹ ƞƛʩƞ>KеArƸÂÚ<5�7?д

Mo-Ib�R2.61
0.07 MaдMo-IIa�R2.35
0.06 

Ma ǚRU7�TбȾƶưĕˇРʎĈn�q

�̹д2007вж 

� ƛЫ̺ȚЍŗ̌ˇрЏĝˉ<öƱ+Tµ5>

ʹƞƛʩƞʏ>ϱ<?ēɅȝİ<ǈAT̫ϭ

�Ŧ!;ΤōǑ Ŵŋ)дʹ ƞƛlb�ś9)

7ý˖'UT̺ȚЍX9M;�ж%>̺ȚЍ?

�ʹƞ£�9Mĵ@UдȚЍ£Ƕ ÍŸō<;

47�T дŇϓ230ĩ>οTΥƷƩʅ�>ː

ʁƩɸʵęЍ�R9R�T9ɲЦ25 mĀǖ>

ōǑЍбɯ§Ѝв8�Tж%>ōǑЍ<ˬǐ+

TM>?дʹƞƛčɅƛЫ�ē΃ƛЫ<MΚL

RUд'R<ē>ƩʅёēʀōŔ8?ȏ̕ʶ˷

ʏŗ̌ˇ<΅WUT%9�R/>ŗ б̌к Ƹ

ĀГвÃĀ<Ǒǲ'U1ĥ͙ǥ Ц�ж%>̺

ȚЍŗ̌ˇ>�ϛ?Ňϓ230ĩ�Rʹƞ£>Í

Ÿō<¢ Tϓγʅ�>ɯƮϛ8Њô)7�

Sдʹ ƞƛʩƞ<˘Ʉ+Tƭ˽�Ŧ˽9j�x

X­Î9+TŖΪȏǿ>ŗ̌ƙ�R;T%9

 ΉƇ8!TжŦ˽i\m>Źƛƞ˽?Ʒɇˉ

>Ί˽�R;SдǍ�\���f�j��ɞώ

X˾+жōǑЍ9)7?ȳ̭ɷȹ>ȳƆðȹÃ

Ā<Ǒǲ'U1ǵˉōǲ>M>8д/>ǖ>Ɔ 

ðɵÙ£8>o���dj��;:>Ï˖8

̺ȚЍČ ϐ͹)1M>9ǣWUTж 

ŜŚ¦Ā�ýðº�

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� ΃ϡƙ?Ίϯ˴ȘȭXˈǞ9+Tı˴ͫȫ 

ύπ˴�̩͵π˴�Ίϯ˴w\i\x8�Tж

SiO2 ıȵϢ?62ё64 а8�TжθͤƟʩƞ?д

ı˴ͫΊϯ˴�ȫύπ˴�̩͵π˴Źƛƞ�R

;Sд)@)@͸ОǑ>˴ͫXıJдSiO2 ı

ȵϢ?59~61 а8�TжMo-II ?ȫύπ˴�̩

͵π˴��YRY˴Źƛƞ�R;SдSiO2ıȵ

Ϣ?54ё58 а8�TжMo-I ?ı˴ͫȫύπ

˴�̩͵π˴��YRY˴Źƛƞ8͸ОǑ>˴

ͫXˈǞ˦<ıJдSiO2 ıȵϢ?54ё57 а8

�Tж 

� ̖з;<˾+Q�<дʹ ƞƛXɞǲ+Tʶƛ

ƞ>Čŷ̮ǲ?д̀ �dZ�`�ƞ̤ù<Ƙ+

TÌZ�`�ʶƛƞ8�T дʹ ƞƛʩƞ<ʌ

˪+T9дĮ�SiO2 Ϣ8ɲξ+T9дKдPд

FeдZrдSrдNbдVдRbдBa <��7дMo-I Q

SMMo-II >ȝ ƅK̮ǲx��yX˾+ж'

R<Mo-I ?дMgдCrдNi <¯)�Mo-Ia 9д

Цıȵ>Mo-IbбCrё280 ppm, Niё88 ppmв<

Ďö'UTжʹ ƞƛʩƞ>ª8ȻöČ;Εș<

5�7ɞǲϦˇ>Čŷ̮ǲöɈX͹41ж�Y

RY˴Șȭ>̮ǲ<5�7дMo-�?Fo 81.91

е74.8дMo-1a?Fo 78.8е68.0дMo-1b ?Fo 85.5

е70.8 X˾+ж�ȝд�YRY˴Șȭª>l�

}�ċȵˇ>Cr/бCr+Al)Ú?дMo-� 0.46е

0.51дMo-1a 0.21е0.51дMo-1b  0.54е0.68 

X˾+жπ˴̮ǲ?дMo-1b Xϸ"ī̈ʩƞ?д

ĊśĨŚĦ¦¤é¦$}�Ē¼Ŗ\¼w�)&¹łmđ$ħo � ĖwÌŗ�

řÈ°¬�ïŒá|<S>UėŖ����ŗřŚ 
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�,UMȘȭ�˴Ŗ9M̩͵π˴9ȫύπ˴̮

ǲX˾+ж�ȝдMo-1b >Șȭ�˴Ŗ?д9M

<̩͵π˴9ȫύπ˴̮ǲ8�T д�YRY

˴Șȭ9ê˔+TśĬ?дEnǲö<ƅKĤϧπ

˴бWo 3.2е2.7дEn 79.2е70.7дFs 26.1е18.1в

9ϋπ˴ёi��\xбWo 46.2е45.9дEn 45.0

е44.8дFs 9.1е9.0в̮ǲX˾+жȚϭ˴̮ǲ

?дMo-II>Țϭ˴Șȭ?An 80.8е48.2 >̮ǲ

X˾)д�YRY˴Șȭ9ê˔+TȚϭ˴Șȭ

8Ca<ƅKÞİ �Tж˴Ŗ?An 59.2е38.1

8˴Ŗ>F� Ca<¯)�ÞİX˾+ж12)д

�YRY˴Șȭ9ê˔+TȚϭ˴Șȭ8Ca<

ƅKÞİ �Sд�ϛ>˴Ŗ̮ǲ?Șȭ̮ǲQ

SCa<ƅKбёAn 93.9вжMo-Ia ʶƛƞ>Ș

ȭȚϭ˴?gZ An 63.8е46.5 ;><Ɗ)д

��?81.9е32.0>ƽ�̮ǲƵX˾)дˈ<ş

ˉċȵˇ ΆRUT̰ȭ>śĬд/>Ĵ̽ϛ 

͸ОǑX˾)/>ȳŤɰϛ?An 80Āǖ>Ca<

ƅK̮ǲXˈǞ9+Tϊ̪Ƴɞώ ЛͰ8�

Tж˴Ŗ̮ǲ?дAn 72.6е50.1X˾)дȘȭȚ

ϭ˴>gZQSMCa<ƅKÞİ �TжMo-Ib 

ʶƛƞ?дȚϭ˴Șȭ An 55е439Ca<¯)

"ˌ�̮ǲ̛ńX˾+><Ɗ)д˴ Ŗ>Țϭ˴

?An 84.3е62.69Ca<ƅK̮ǲX˾)д̈ ͌ 

ЌƷͽ8�T%9 ˾ĺ'UTж 

� Ã¢>çƞ�Ϧˇ>Čŷ̮ǲ>ˈǞ�Rд

Mo-IaдMo-Ib�QAMo-II?/U0U˟;T�

e�>̰ȭÏ˖<Q47Ǒǲ'U19͋�R

UTжª8MMo-Ia9Mo-IbXɲξ+T9дMo-Ib 

?QSCr<ƅKбɋʝ)1в��x��YRY

ƞXέʧˇΪ9)д/>�e�?�YRY˴г

ĔȚπ˴гȚȝπ˴Xliquidus phase9)дȚϭ

˴?ȭô)7�;�ĥ͙ǥ �Tж 

ŝŚ�ë��

� ʹƞƛʶƛ>ŀʶħ?īƞˬ>ˈǞ�RÃ

£>Q�<ȕ˒'UTжƛÎ>Ŗ˩X;+΃ϡ

ƙ?w\i\xΪʩƞ�Χæƞдν˴ñʷƞд

ʋƞ�R;Sдw\i\x>�ϛ?�\Z�d

�lq\x>˕ˉX˾+>8дʕǁ£>ż̓˓

Š8�41%9X˾ĺ+Tж12)дʹƞ£Á

υ>ȃ˴śβĴσNƛВ>čȚЍ<ΆRUT

ɍˉ̚˒>ˢϔ)1Ŝˉʶƛƞ<JRUTQ

�<дΧæƞ�Rʩƞʏ>˕ˉX˾+ōŔ Κ

LRUдʹ ƞƛ>ƛÎ>Ŗϛ>�ϛ?ϺŔ8>

ŀô˓Š8�419͋�RUTж)1 47д

ǐȪ>ʶƛʎĈ?ʹƞƛƛВϛXªǟ<Ϻ<

КXô)1ʕʍƤ>ĴσXʑʕŔ ġSI"

Q�;˓Š8�419Ȇż'UTж%>ʎĈȪ

ȹ?д4.1ё3.8 Ma>KеArƸÂÚ�RШȜ¦Ā

ȹ9͋�RUTж 

� />ǖ<ʎĈ)1θͤƟʩƞ?ɍˉ̚˒N

ɇˉ̚˒>ˢϔ)1Ŝˉʶƛƞ�R;Tдʩƞ

�Χæƞ>˕ˉX˾+жȽʶƛƞ?дʹƞƛ>

ɅÛ<ƽ T΃ϡƙª<Ʌ΃�čɅ—ē΃ȝ

İ>ĂU˪<ʅ47Χæ)дϺŔ8ʩƞXʏô

)1ŀô˓ŠX˾ĺ+Tж%>ʎĈȪȹ?д2.8 

Ma>KеArƸÂÚ�RдШȜ¦ªȹ<˔*19

͋�RUTжʹ ƞƛƛÎ>­ϛXɞǲ+TMo-Iд

Mo-II?�,UMƛВÁυ�Rʏô)1ʩƞʏ 

>ʶƛōǑXɮ)7�T%9�Rд%>Ȫȹ<

?ːŋ<υ�ƛÎ ǲϭ)дƛВϛÁυXŀʶ

ģ<)1ªǟŀʶŒ>΁ǲʶƛ Ǒǲ'U1

9͋�RUTж%>�3ƛВϛ�RŇϓ230ĩ

̸ÁυI8ƽ TMo- Ia?дʩƞʏ>Ŗǁ˫Ǖ

 ̦2.8 kmдƙĘ ȳŦ200m<ϔ)дʶƛÎ>

Ц'<Ɗ)ǁǕ Ŧ!�˭ˉʶƛ>ǑǯX˾

+ж%>·ɡ?дōˑ¢>ˍɪƞΪ˭ˉʶƛ>

öНбWhitford-Stark, 1975в>�3>Scutulum- 

type>ЕŔ<�1TжI1дȳȼȹ>Mo-Ib>ʎ

Ĉ?ēÛƒɔ<ʅ�č΃—ēɅȝİ>ĂU˪

ŀʶ<Q47˔*дŜˉʩƞ99M<lg�Z

XıKʶƛȐôˇ>˕ˉX˾+%9�Rдlx

����Ǌŀʶ ˔*1ĥ͙ǥ �Tжʹ ƞƛ

ʩƞX˔*1Ȫȹ?2.6ё2.4 Ma>KеArƸÂ

Ú�RдθͤƟʩƞ>ŀô�RϱM;�̖Ł̥

úЖ9͋�RUTж 

 

�

śŚûĭ$ēĘ�

� `\c�]Č˴>ˢΆ?д2001Ƹ>Ţд“ˍ

͙˴”Xȃġ+T˪˦8ːōXΑU7�1дȾ

ƶưēĎŋÍ>ɗɥǭŲ'YбǐȪƏŷɑмƸ

˔в<QTжǭŲ'Y?ʁƿ�RΆǰU;�ˇ

 Њô)7�T´<ɵ6!д˃ Έ>ϙЁɳ</

>%9XŚĳ)1жϙЁɳ?ːō�RХ˄XȔ

ʺȃġ)д/>ΕșXªŷȪÂ>Į̐Æ>Ͼ<

˒̃ȒƲ8�41ǦƲ<̬¿)1жǦƲ>ƛǑ

˘ħɳ�R/>Ϭż čʕϓȒ͕ŦŷȒȁбː

įΘȒȁв>Ⱥɂȝ�ɳ<ÒИ'Uд`\c�

]˪>Č˴9Įż'U1ж%UXūɦ<дȾƶ 

7@JR304M1$»Ĝ 
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ư<QT̵ǤˢȂ 2003Ƹ8ȴ<žȞ'UдȾ

ƶưI36"SΎ˛<ϲϏ+T�ŦŒĈˇČ˴

̶ĬΞɏ�>žȞ<͟41бȾƶưĕˇРʎĈ

n�q�̹д2007вжI'<¼>ϏȌ ΨϠ;

Č˴Xʏô�Rȑ�дŦˢΆXM1R)1ŭÑ

8�Tж 

ŜŚö� ñ�

� ˢΆ'U1ĈˇČ˴?`\c�]˪>Č˴

9Įż'U1 д/>˒˘?ɧ>ύS8�Tж

`\c�]˪?ʕ˔F²Н8?Ļ�>ͬОĈ

ˇ8дɲξ˦Ŧ!;ÎXɶª<ɽL7ɶǁ�R

˔�TʕͬбʹвНXОETж/>1L<?ʓ

Ą9>���lX9TŨ"Ϡ1�Хɕ Ǡ΄

9'UTжˈ</>ˈǞ?çÎ<͝ϼ)дƻå

ȹXϸ�7?ʕ̴Ϊ̮́XF9Y:M1;�

̼ƄΪ>J>͑Х<ΆT%9 8!Tж%UR 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Х͔ĘČ�T�?Х˹Č>ˈǞ?`\c�]

˪>ɠǞ8�TжǐΖɠȽ?�,UM%>Ƙǥ

X˾+%9�Rд`\c�]˪9Įż'U1ж 

ȽɠȽбÃǖдit��`\c�]Ⱦƶ̖1ɠ

Ƚ9ĵCв?Ϗ̲+T͑Хкʺд/U<͖Û8

ϲ̚+T͘əɢ̏έйʺ�QA͜Û8ϲ̚+

T͘Хзʺ ˕ô)д/>�3д͑Х?�,U

MǖíÛX¢<)7˕ô)1б̖11Ņвж'R

<дĀË>͑Х>¢<ǖË>͑Х>υËϛ Ϡ

;Sд͘ ə>Ƭɢ̏έ?�,UMǖЍXΆ-7

�T%9�RдȽɠȽ?Åİ$9��QSдK

)VƬX£<)1ˉǯ8ʕǁ<œɿ)1ĥ͙

ǥ Ц�ж� � � � � � � � � � � � � � � � � � � � � �  

� it��`\c�]Ⱦƶ̖1ɠȽб̖12Ņв

>F�<д%UI82005Ƹ92006Ƹ</U0U

иʺдĬΎ8лʺ>`\c�]Č˴ ˢΆ'U

7�Tж̖ зɠȽX>0"кɠȽ?�,UM̖

зɠȽ ˕ô)1ōʺQS¢ʏ<Ë̓+T˸

ƛr�£>Ʃę�Rλ˴9)7ȃġ'U7�

SдȦR�<%U9?üØÎ>ɠȽ8�T д

кɠȽ /U0UüØÎ8�T�:��?¤

Ȧ8�Tж 

� 2004ƸÃϵ<Ⱦƶư<Q47žȞ'U1�Ŧ

ŒĈˇČ˴̶ĬΞɏ�<Q47д`\c�]Н

ÃŤ<ЩНČ˴мɠȽдЧНČ˴зɠȽ ˢΆ

'U7�Tж 

ŝŚw� ő�

� `\c�]˪?ĀȹŮȜ¦�RːŋI8<

к̃ ˻Κ'UTж%>�3Prorastomidaẽ9

Protosirenidaẽ?Ϻ¢Xɫ�1ĥ͙ǥ>�TŁ

͓Xȵ)дŮȜ¦>̭WSI8<ŰXʖ)7� 
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� Ċ���Ś7@JR304M1Ŗ�
���������	¡ŗ̧ mŔÐŖÈ°¬�ïŒá|<S>UėŘ����)+µ÷ŗŚ�
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TжɮS>и̃?ː˔+T�zv[�3̈Xı

K Trichechidae ̃ 9 k � h � з ̈ X ı K

Dugongidaẽ8�Tжˈ<Dugongidaẽ?дª

Ȝ¦Ãϵ˂ˢ˦<ϐČťɟČ)д¦˜ª<öƱ

)1ж%>�3Hydrodamalinae¹̃ ǖ<Ɔð

;˓Š<ϗǡ)дÎϭ4ё5m>DusisirenƘ�R

Îϭ7mXή�THydrodamalisƘDŦŒČ)1

9͋�RU7�Tжɦ͙ɬ>ȵʻбDusisirenƘ

?ɦ͙ɬXȵ+Tв8¨ƘXĎü8!T дȽ

ɠȽ?ЖͱХ ˕ô);�411LÎζ>Ŧ

!'�RĮż+T%99)1ж̖ 13Ņ?

Hydrodamalinae¹̃>ī̈<�$T͑ХªËϛ

>țЍǕ>ÚX˾)1M>8�Tж%U<QT

9дϭμ>ǕбЖƒǕв 70 mmXή�T

DusisirenƘ>ɠȽ?F9Y:JRU;�ж�ȝд

it��`\c�]б̖12Ņв>Ŧ!'?д�

,UM80 mmX%�T%9�RдHydrodamalis

Ƙ>̛ˠ<æT%9 ˻Κ'U1ж 

ŞŚöu²f"304M1$ďĔ 

� it��`\c�]?Ⱦƶưí�R˻Κ'

U1úL7>͛əĈˇČ˴8д̞ ôƸÂ?ƝF

�(1991)Xě͋<)7дǖȹªȜ¦9Ȇż'U 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1ж/>ǖ>�ŦŒĈˇČ˴̶ĬΞɏ�<Q4

7дȾƶ̖зɠȽ˕ôƙʨ˫£>ʶƛʷƙ<5

�78.2
0.3 Ma>FTƸÂÚ ǚRUд/>ƙʨ

Áυ8ȃġ>ī̈ǝČ˴Εș>΋ɈƸÂM/

>ÚXȏǿ+Tж 

� %UI8ȢȽ�R˕ô)1DusisirenƘ>ɠ

Ƚ?��aqr\`\c�]D. dewanaдZ\

mq`ix`\c�]D. takasatensisд|�q`

\c�]D. sp. >йɠȽ8�Sд/U0U?ˏ

ʹČ˴<QS˕ôƸÂ ɚΏ'U7�TжD. 

dewana?ˏʹČ˴Ƴ Denticulopsis dimorpha 

Zone (9.16~9.9 Ma)QSM£Ë�R˕ô+T%

9�R10ё11 MaдD. takasatensis?˕ôƙʨбŞ

Őƙ¢ϛ�ǖȹªȜ¦в�R8
2 Ma /U0

UȆż'Uб«ƛF�д2005сKobayashi et al., 

1995вдD. sp.бʄ˗ɠȽв?Č˴Xċı+T

˵ƞ�RThalassionema schraderi Zoneб7.6ё8.6 

Maв9΋Ɉ'U7�TбĤʀд1996вжȾƶ

̖зɠȽXċı+T˵ƞ�Rȃġ'U1ˏʹ

Č˴͆?ʄ˗ɠȽ9Į*T. schraderi ZoneX˾

)7�SдɜL7϶RU1ˌ�ȹϱ<Dusisiren 

Ƙ�RHydrodamalisƘD>̅͹ έ%41%9 

Ċ �� �ŚGCR?KO:aĆ$Ŝ¡#��,ĠŔ70;Ŗt�·TŐ ·ŗ$w­ŚÈ°¬�ïŒá|

<S>UėŖ����ŗ)+µ÷Ś 
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X˾)7�Tж)1 47д̖зɠȽ>˕ôƸ

Â (̦8 Ma) />̅͹ȹ9͋�7MŦ!;ϕ

�?;�%9�RдčŨƷʍ>΃Û8�TȢȽ

Ĵσ<��7?дDusisirenƘ�RHydrodamalis

ƘD>ă˦;šČ 8 Ma<έ%41%9 ̰

ΟÁ$RUTб̖14Ņвж 

� �ȝдÀōŔ<�$THydrodamalinae¹̃ī

Ƙ>˕ôƸÂXΞɏ)1̰Ɋд%UI8ȰȜ¦

ÃĀ>`\c�]НČ˴ ˕ô)7�TōŔ

?čZ��`ÃŤ<;"д%UR>ɠȽ>˕ô

ƸÂ?ªȜ¦>Messinianȹб7.246ё5.333 Maв

X%�7�;�ж)1 47дTortonianȹб11.63

ё7.246 Maв�R˕ô)7�Tit��`\c

�]Ⱦƶ̖зɠȽ?%UI8<˻Κ'U1

HydrodamalisƘɠȽ>ª8?ȳMĤ�˕ôΐϪ

9;T%9 ûȦ)1ж 

 

�

śŚ������ŤÈ°¬��Ħ¦¤¤ŏŖĊ���ŗ�

яōǑŅѐ1/2.5 �Ⱦƶ� 

яË� ̓ѐč̻43ѓ1’20”�Ʌ̯141ѓ19’20”бʹ

ƞƛВƗȷĦвжō£ϥŦύSI1?llbђ

ТQSưЈ����]^\>Ó�Sд/>Àд

ƛВI8Ήä͞Ĉηϓγбȵșв �Tж 

я΋� ΝѐĀχ)1Q�<дƛВ>ƗȷĦ�R

?Ⱦƶưí>˰ȷ ƽ Sд'R<ϖ"<?ǧ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ǅƠ;:Ĵσ>ƛ�X˰LT%9 8!Tжʹ

ƞƛʩƞ?дƛВϛ�RēɅȝİ<µ5≯̇ 

XÏ47ʏU£Sд/>ϱ<?ʹƞƛlb�ś

>�Tʑ�Τ ƽ SƛЫ̺ȚЍŗ̌ˇ ŗ

̌+Tб̖15ŅвжƛВXÏTʩƞ?дēÛƒ

ɔXɞǲ+TʹƞƛʩƞIбMo-Iв8дɍˉ�

ɇˉ̚˒ ˢϔ)дȘȭϦˇ?Țϭ˴дȚȝπ

˴дĔȚπ˴д�YRY˴>F�д͸ОǑ>˴

ͫXıKŹƛƞ8�TжȽʩƞ?Ήäϓγ ο

Tƒɔ<ʅ47ʺ�9Њô)д/>ȼ̓?Ňϓ

230ĩ<I8ϔ+Tϭ�ʩƞʏ8дƛВÁυ 

ŀôʧ8�419͋�RUTж�ȝдčÛƒɔ

<�$7öƱ+Tʩƞ?ʹƞƛʩƞIIбMo-IIв

8�Tж%UR>ʎĈȪȹ?д2.6�2.4 Ma8д

%>Ȫ<ːŋ>ʹƞƛ>ęǑ ÏRU1ж 

 

 

 

 

 

 

 

 

 

 

 

Ċ �� �Ś~�±à304M1ő$öu²f"ďĔŖÈ°¬�ïŒá|<S>UėŘ���� )+µ÷ŗŚ 

Ċ �	 �ŚĦ¦¤qÅŖ�Ê$��œ¥eķ)+

ÿ(,ŗŚ 

ĭ��í�į 
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� µ5≯̇XÏTMo-I9Mo-II?дōǑ˦;

ˈǞ99M<дČŷ̮ǲ<Q47Ȧ˲<Ďü'

UTб̖1;вжMo-I9Mo-II?9M<SiO2ıȵ

Ϣ54ё58 %>ˍɪƞΪŹƛƞ�Źƛƞ̮ǲX

˾)дMo-II>śĬдMo-IIb>ȝ Mo-IIaQSM

QSSiO2<ƅKŹƛƞ̮ǲ<��tx'UTж

Į�SiO2ıȵϢ8ɲξ+T9дMo-I9Mo-II?

\�g��v\��ą̂<��7˟;T̮ǲ

x��yX˾)дĀ͌>ȝ KдPдFeдZrдSrд

NbдVдRbдBa<¯)�Þİ �TжMo-I?'

R<дMgдCrдNi ˟ƴ<Ц�Mo-Ib9Ì�

Mo-Ia<Ďü'Uд¨͌ �Ϗ>̰ȭÏ˖8?

Ǒǲ'U;�%9X˾+ж 

ŜŚ������Ť`ĵ�ÖYâ�

яōǑŅѐ1/2.5 �˴ƛ���Ⱦƶ� 

яË� ̓ѐč̻42ѓ59’57”�Ʌ̯141ѓ20’24”жō

£ϥ˯УíТ�Rč΃D2 km�IS>αЅX

ɫ"б˯Уíéň<Ͽȅвж 

я΋� Νѐ·ρŦɥ?ȗų:�S1972Ƹ>ïŶ

_���td<İ$7ǉΒ'U1ɥ8�TжȽ

ΉƇōʺXıKƩʅ��xбʹēéňё·ρŦ

ɥ£ʏв?2.5 km>ϭ' �SдĴσXıL1

ōΪˉʆ?̖16Ņ<˾+Q�<дŦI�<ΥƷ

Ʃ>ɅÛ ȳ̭ɷȹĀđ>ȏ̕ʶƛŀô б̌ʶ

˷ʏв>öƱŔ8�T><Ɗ)7д΃Û?Ȝ̖

¡̥>ŗ̌ƞНб˸ƛƙ�΃ϡƙв�QAʶƛ

ƞНб˹˴ƛƞÎ�ʹƞƛʿƞв>öƱŔ8�

TжɌ§9˯УíéňX?'KQ�</>č̓

8ΥƷƩ9˯УíƩ Ĭʏ)дʏŔ<?ːʁƩ

ɸʵę9ʁơɯ§бÌËɯ§Ѝ�ªËɯ§Ѝе

ƷơЍев9/UR>ŗ̌ˇ öƱ+TжȽŦ

ɥ>ē΃Û>ɯ§Ѝ¢<ɶ¸ǳб����eʚ

ǂ200 mв Ŵŋ)бƝд2005вдʚǂ0ё12 mр

˽бɯ§ŗ̌ˇвдё124 mрʶƛǥ˵˽ƞ�

ñʷΊ˽ƞНб΃ϡƙвд124 mÃ£рʋƞё

˵Ϊʋƞб˸ƛƙв8д΃ϡƙ<5�7?Ʃʅ

��x8̦150 m>ƙĘϛ 5ё10°ēɅÞȚ8

öƱ+Tж 

� ·ρŦɥÁυбGoв8?дɥ>¢ʏ>Go-1

ōʺ�Rɥ>£ʏ80 mI8?ıΊ б˽w\i\

xΪвʺŋ>ʶ˷ʏŗ̌ˇ8дɥ¢ʏ8?ʋƞ

˽ё��tdXıK%9M�Tж/>¢Ë<?

ʋƞёʶƛʷΪ̫̠˵ƞ>��tdX±ŗ̌

ˉ<ıKϛöдʁ ƛǥŉ˴ʏŗ̌ˇйёк�{

tx Ϡ;Sдč>ʀƩĬʏϛбGo-3ōʺвÁ

υ�R˯УíƩ9>ĬʏϛÁυGo-4ōʺI8

?ʶƛΊ˽ƞ ̲"жʶƛΊ˽ƞ>�ϛ?дΊ

ϯ˴w\i\x><-���XıK�\Z�

d�lq\x>˕ˉX˾+жʹēéňÁυ

бMnс̖зŅ  Cōʺв8?éňªǟϛЊЖ

бMn-1ōʺв8Ŝˉ˵Ϊʋƞ9/>¢<Ϡ;T

ñʷΊ˽ƞˬбıʶƛΊ˽ʶ˷ʏŗ̌ˇв Κ

LRUдĀ͌ ˸ƛƙ8�TжMn-1>Ɗơ<?

Ц'̦50m>Ʀ �SдƦ>ªɯI8?ʶ˷ʏ

ŗ̌ˇ8д¢ɯ?ŉ˴ʏˉ>ʶƛǥ˵˽ƞб�

���{txв>Ѓ̌Î8ƙ˒ ΚLRUд9

!<Țºͯ˒>ˢϔ+TϛöM�Tж%>¢ɯ

>ϛö?QS£ʏ>Mn-3ёMn-4ϱ8MÌËɯ

§ŗ̌ˇ£<Њô)д9!<ʹČȺXıKʶƛ

ʷΪ˵ΪʋƞX?'Kж;�дMn-2ōʺ?ͮƮ

̦5 m>ʫXǲ)д˸ƛƙʋƞ9΃ϡƙ>Š˜

ϛÁυ>țЍXΉƇ8!Tж 

� Ƨƣƛб2006в�QAȾƶưĕˇРʎĈn�

q�̹б2007в?дʹēéňÁυ>Mn-1�2ō

ʺ>˸ƛƙʋƞбйΕșв>ˏʹČ˴ 

Thalassiosira oestrupii¹Ƴб5.5ё3.5-3.9 Maв< 

Ċ �
 �ŚªÛTþœteķ$�ĳÓúTÑt

�ŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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ˬǐ+T><Ɗ)7д·ρŦɥÁυ>Go-2�

Go-3ϱ>΃ϡƙ<ıIUTʋƞ��td>и

Εș?Rouxia californicaƳб7.6ё6.4 Maв>£

ϛ9ûț)7�TжƙËŷ˦¢Ë>΃ϡƙ<ı

IUTʋƞ��td Ĥ�ƸÂX˾+%9?�

��td £Ë>˸ƛƙ�RġSτIU1%

9X˾ĺ+T�ȐƍƸÂ<5�7?д·ρŦɥ

>ʋƞ��tdƙʨ>¢Ë>ʶƛΊ˽ƞƙ9

ʶ˷ʏŗ̌ˇ<5�7/U0U3.78
0.10 Ma

бKеArвд3.9
0.2 MaбFTƸÂв Śĳ'U

7�SбȾƶưĕˇРʎĈn�q�̹д2007вд

¢ΐ>͋�XͿÁ$7�TжÃ¢�RƩʅ��

x>΃ϡƙ?FGШȜ¦Āđ9Ά;'UTж;

�д¢χ>ʋƞ��td<5�7д£Ë>˸ƛ

ƙ/>M>>Њô8?;��9��Ȁȍ �

41 д·ρŦɥēÛ>ɶ¸ǳΩșб·ρɥí

̃в�Rдʚǂ150mÁυI8΃ϡƙ<Ζǐ+T

ʶƛ˷ƖƞНбʶƛΊ˽ƞXıKв>Ŵŋ ˻

Κ8!7�Sд̈ ƙ>Š˜Ѝ?ō£ʚ"<Ŵŋ

+T9Ά;)7�Tж 

ŝŚ������ŤĀ¤ĕ�s��

яōǑŅѐ1/2.5 �˴ƛ� 

яË ̓ѐč̻42ѓ58’2”�Ʌ̯141ѓ20’25”жȏ̕

ʣDİ��Ňϓ453ĩ>˴ƛɅи�˪>΃Ûд

żƛʞDİ��Ňϓ230ĩ˴ƛŦɥ>700 mɅ

ȝ8дJRȾƶТ�ō£ϥ˯УíТQS�l>Ó

 �Tж 

я΋ Νѐ%>Áυ8?ȏ̕ʶ˷ʏбν˴ʏв

ŗ̌ˇ Ę"ŗ̌)7�Sб̖16Ņвд˴ƛ>

į̄?ȗų:�S>�ȃ˴śǴ�<˘Ʉ+Tж

%%8>ȃ˴?дΥƷƩ>Ʌёēơ8>“Ⱦƶ

κ˴”бʩ̰ñʷƞвдčơ8>“Ⱦƶ˹˴”б˴

ͫŹƛƞÎв>ȃȂ>%98д/UR?ȦʃȪ

Âúȹ<ŮI47�Tжκ˴ȃȂ>βō éň

9)7ȕÝ'U1M> ˴ƛ̷ōéň8�T

б̖17Ņвж 

� к ƸĀ<˴ˋÌōƳ>ē΃Û8ʶƛʎĈ

 ʎˢČ)дĮÌōƳ>ª�ēϛXœLƑ"+

Ŧʶ˷ʏ ˢ˔)1ж/>1LдȾƶ΃ēƛō

Ʌ̽ёȴƆ§Ϲ�Ƴ?ĦōČ)дΥƷƩ?˴ƛ

Áυ8-!ɨLRU�Ȫ˦<¢ʏ ʣ<;4

1жʁ ˷ʏˢ˔ÃĀ<ΥƷƩ?д˯ УíōŔбː

˯УíƩʅ�вXʏU7�1%9 ʶ˷ʏ£>

ĤʁƩŗ̌ˇ�RȦR�8д%>1LΥƷƩ<

ʏγšȰ έ!19Ȇʢ'UTж̖ 16Ņ<˾+

Q�<дː ŋ>ΥƷƩ?Ɍ§>΃Û>˹Ϊ>ō

ƙ8�TȜ̖¡̤öƱŔ<��7ʏγXɹL

7�Tж%U<5�7?д˹˴ƛ;:ƛōϾ?

ʶ˷ʏ Ǥʳ<Ͳ";Sдʩ̰ϛбʩ̰ñʷƞв

 ˢϔ-,ʶ˷ʏçÎ κΪˉǯ8дřɨLʣ

>�BU1ɶ>ʏγ9)7ϗ)7�1%9 

͋�RUTж;�д%>ĤʁƩŗ̌ˇ<5�7

?дͳϡōŔ>_`��jƩ£ʏϛ<��7Ĥ

"�R/>Ŵŋ ˳RU7�1 бȾƶưȒ͕

ůĸÆ̹д1996с̖зŅEōʺвд2016Ƹ<˴

ˋɾ̌Ìō˶̍Æ<QSΗ)�Ξɏ˶̍ ͹

;WUб̖18Ņвд̟ͧöɈ>̰Ɋдx]�Ƙ

X­Î9)1¹ƆƳϤͯɣɉб^p�uдZ`

^p�uX­9)дxy�u���~bXI*

��mhf ť�ɘ˔в8дȳ̭ɷȹªГ>ð

ʘ;ɵÙ ˾'U7�TбϲɔF�д2017вж 

� éňēϛ<?éň>j���9M΍�T“˴

>ƽś” �Sдκ˴ȃȂβōXý˖)1ϡŤ

lv�k ȕ�RUбē<Ͽȅ)7“Ǔþƽ

ś”вд%%8?ʶ˷ʏ>țЍбЦ'̦20 mв

 �SдªɯÃ£ ʩ̰ñʷƞ9;47�Tɟ

Ųб̖17Ņв9ν˴ ǋ!ǈ@'U1ʩ̰ñʷ

ƞțЍ ΉƇ8!Tжː ŋ8?Ⱦƶκ˴>ȃȂ

?ʟƐ)д˴ ƛēȝ>ƴ˩ōĎ8з˿>J ͹

47�TжƊơ΃Û<Ŵŋ+T> ˹˴ƛ8д

ōΪ˦<?˴ͫŹƛƞбw\i\xв>Ŧ!;

ƞÎбō£ʚ"<ʶ>ˎˉ<ƽ 41ƞɒ9'

UTM>в8д/>Ʌđϛ?ϭƸ>ȃ˴<QSд

ƛÎ>͗Î �#SġRU1Q�;ˉǯ<;

47�Tж 

� ˹˴ƛƞÎ>΃Û<Ͽȅ)7ď·Ƥéň 

�Tб̖19Ņс̖зŅDōʺвжď·Ƥéň� 

Ċ���ŚĀ¤ĕ�s�$¾ĉëăâ�ćïÂōŚ�
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RˤƩʐɶśÁυ>ΥƷƩʁƿ>̦2 kmϱ>

��x ͳϡ��xбFnсď·ƤéňёˤƩɥв

8�Tж��xɅ̓�QA΃̓<ʶƛƞÎб˹

˴ƛƞÎ�̝͢ƞÎв �Sд/>ϱ<ˈ<˹

˴ƛƞÎбΧæв>ǔА8Ǒǲ'U1đy��

ˉɞώXĖL7˸ƛƙ öƱ+TжĮéň>ʁ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ƿЊЖ8?ĮƞÎ9˸˴ƙʋƞ>ȅΌϛ �

TжōƙÞȚ?čč΃ё΃15ё25°̆ǂ8˹˴

ƛƞÎƃS8?čč΃8�T дЅUT<Ǚ�

č΃д΃DšČ+TжŜˉ>ʋё˵ΪʋƞX­

Î9)ƙĘ 540 m8�Sдªϛ<ıIUT~

k���зΕș>ˏʹČ˴öɈ8?Rouxia  

Ċ �� �Ś¾ĉëăâ�ćïY$Úª�ćïŖ23EP8ªŗŚ�$hĚ�%���ôŇŊ����*µ÷Ś 

Ċ �
 �ŚĥŁTĄ¤��$�ĳÔĸTÑt�ŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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californicaƳб7.6ё6.4 Maв ɚô'U7�T

бȾƶưĕˇРʎĈn�q�̹д2007вж 

� ͳϡÁυбď·ƤéňёˤƩɥв�QAˤƩ

ʏŔ<5�7?д̀ \c�]Č˴ˢȂϲϏΞɏ

8ΥƷƩˤƩʐɶśÁυʁƿ>˸ƛƙªϛ<

ıIUT~k����RRouxia carifornicaƳ£

ϛб7.6ё6.8? Maв>ˏʹČ˴ Śĳ'U7�

Tж'R<д%>Áυ8?Ɛ;"9M˸ƛƙ>

˔ˡƳб7 MaвÁυI8?ȦR�<˹˴ƛƞÎ

>Χæ>ˁ˦ǔАXĢ$7�SдĮƞÎ<5�

7?ʠσб1993aв<QS4.7
0.2 MaбKеArв

>ȐƍƸÂ Śĳ'U7�Tж%>ƸÂ?ШȜ

¦Āđ8�Sд˸ ƛƙ>¢Ë>΃ϡƙª>ʶƛ

ŀôˇ�ʶƛŀôƞН9ƸÂ НÊ)7�Sд

%>ƞÎ %UR>ŀôʧ;Tĥ͙ǥM͋�

RUTж 

ŞŚ������Ť�ŃèŖ304M1}Āöu�ŗ�

яōǑŅѐ1/2.5 �żƛʞ� 

яË ̓ѐč̻42ѓ57’53”�Ʌ̯141ѓ13’24”жŇ

ϓ230ĩʅ��ƏϣʥʡʇQSēɅD500 m8д

JRȾƶТ�ō£ϥ˯УíТQS�l>Ó �Tж

я΋ ΝѐƏϣʥ>į̄?ΥƷƩʁƿ8˸ƛƙ

>ĂU˪�Rʏô+TϦʇ<˘Ʉ)д%%<?

æʔ�ƂʈȞΒб�v�в иιľɛX͹47

�Tж%UR>�v�>£ʏ500 m<`\c�

]Č˴˕ō �SдĮ˕ōXıK˸ƛr�ʣē

ơёèāƛ£>��x Əϣʥ��x8�T

б̖20Ņвж 

� ˸ƛr�ʣēơбKg 1в8?̦200 m>ƙĘ

>ʋƞ­ÎƙбǴ�ʶƛǥq��r\x˵ƞͲ

ƙX?'Kʋё˵Ϊʋƞ8£đϛ?̫��ɇ

ˉƙ˒ ЛͰ8����{txȳŦ5 m>Ę'

>ɶªν˴ʏ>ϝǥʶ˷ƞXЗ̀<?'Kв 

öƱ)д΃Û8?˴ͫȘƞÎ<țƙϲÔ8ȅ)

7�Tжr�Ř£ʁƿЊЖбKg 2в8?ē΃¢

Ë>̡̠q��r\xбʕǁs��}�ŗ̌

ˇвXıK25 m>Ǥ̑ƙ Њô+Tж%%?д

İȚμX?'Y8r�ʣēơϛ>ğƊ͊Û<

�1Tж%>Q�;Ǥ̑>İȚɞώбč΃еē

Ʌ>μȝİв?˥Ɇʀģ<̲"жƏϣʥʡʇÁ

υ8?ƏϣʥƞÎбŹƛƞв9/>΃Û<υȅ

)7ƏƞÎ �Sд/>ϱ>ϛöд+;W3Į

ʡʇͿ>ΥƷƩʁƿбKg 3с̖зŅIōʺв<

?FGēč>άİȝİ8дǤ̑�šǑƙбĘ'

60 mв Ŵŋ+Tж;�д%>ōʺ8?2008Ƹ

<dk�Č˴ ˢΆ'UдȾƶưĕˇРʎĈn

�q�<QS2012Ƹ�RлƸX�$7ˢȂ 

͹;WU1̰ɊдFGçε>Хɕ8�T%9 

ȦR�<;41бĤʀд2009д2010д2017вж

/>1Lд2018Ƹ̂<?˕ôƙʨ>ƸÂ;:>

ɼż>1L>Ξɏ ͹;WU1ж 

� ƏϣʥƞÎ>£ʏ<?`\c�]Č˴˕ô

ōʺ�˸ƛɐɥX̯˘)7èāƛ£I8̲"�

Ϗ>ʁƿЊЖбKg 4в Ŵŋ+TжĮƞÎÁυ

8?Χæ>ǔА8ōƙ>ÞȚ?ēēɅ60°ÞȚ

8�Sд£ʏDЅUT<Ǚ�ÞȚȝİ?ēɅ�

ɅčɅD9šČ)дÞȚΊM35°
д17°
д10

ё5°D9ɧ̖<̺";SçÎ9)7300 mǍ>

ƙĘ8�TжŖʺбƏϣʥƞÎ9>ȅʺсKg 

4-1вƙʨQS90 m¢Ë>`\c�]Č˴˕ô

ƙʨI8?ʶƛǥq��r\x˵ƞбlg�

Z�ν˴I*Sв�ʶƛʷͲƙXǴ�<?'K

ʋƞ­Î8дFGªϛ<?Ę'10 m>l���

΂ȯƙXÇ47�TбKg4- 2ōʺвж`\c�

]Č˴˕ôƙʨбKg 4-3ōʺв?lg�ZI*

S>q��r\x˵ƞбªё̡̠в8˫¢<Φ

Č˴ȓʺ�˔ˇ*P�±˵ΪʋƞX9M;�ж

ĮƙʨQS170 m¢ËбKg 4-6ōʺв<ʋƞÜ

˽���tdXıKŉ˴ʏˉ>ʶƛǥΊ˽ƞƙ 

Ċ �� �Ś�ŃèTüËÙeķ$�ĳÔĸTÑt

�ŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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бĘ'2 mĀǖв ?'IUд%>ϱ?£Ë<

НÊ+Tʋƞ8�SдɜL7˴ʷΪŃŜ<ƅJд

Ǵ�8ΦČ˴ȓʺˉ<ıKжʁ ƛǥΊ˽ƞƙQ

S¢Ë?30 mF:>ƙĘϛ ΉƇ8!T д˵

ΪʋƞёʋΪɜ̫̠ƞ­Î8дǴ<QSʋƞ�

˵ƞ¶ƙ8д˵ ƞ?Эʷͦlg�ZΪ9;47

�Sдϫƙ9;T˔ˡƳ ʶƛǥΊ˽ƞƙ>10

Ȕ m¢ËбKgк-7ōʺв<Ŵŋ+Tж;�д

`\c�]Č˴˕ôƙʨ<5�78.2
0.3 Maд

˔ˡƳ<5�77.0
0.3 Ma>FTƸÂ /U0

UŚĳ'U7�SбȾƶưĕˇРʎĈn�q�

̹д2007вдFGǖȹªȜ¦<�1Tж 

� ˸ƛÁυбèāƛ£ёΉЏʀģ8?˸ƛƙ¢

ϛб7 MaГв èāƛƞÎб̖зŅ Hōʺв

<QSΧæXĢ$7�TжĮƞÎ<5�7?6.7


0.3 MaбKеArв>ȐƍƸÂ `\c�]Č

˴ˢȂϲϏΞɏ8ʢż'U1бȾƶưĕˇРʎ

Ĉn�q�̹д2007вж 

şŚ�����	ŤüËÙ�

яōǑŅѐ1/2.5 �żƛʞ� 

яË ̓ѐč̻42ѓ58’24”�Ʌ̯141ѓ12’36”жŇ

ϓ230ĩʅ�˸ƛr�бʣвčÛж˥ ɆɥQSд

ɉϓ1 kmXǘɫ8ʀæģ<͟Tж 

я΋ Νѐ˥Ɇʀ?čʕϓŦŷ;:>ōŷƫɚ

ō9)7Ĥ"�R˳RU19%V8�Tж)�

)д/>ōŔ>Ȝ̖¡̤ƙǀ�ɞώ<5�7?

ǙɄдǠ,)MΗ̫<ǺȊ'U7�;�41ж

`\c�]Č˴ϲϏΞɏ8?˥Ɇʀ��x9

)7дʀæģ�R1 km¢ʏÁυI8?­9)7

ɉϓʅ�>ЊЖXд/UQS¢ʏ2.3 km>ʀµ

Ĝ>ϱ<5�7?˥ɆʀƩʁƿXΞɏ)1б̖

20ŅсȾƶưĕˇРʎĈn�q�̹д2007вж 

� ʀæģ?˴ͫȘƞÎ>čɅ̓<Ë̓)д/U

<ȅυ+TQ�<č΃еēɅ>μXM41İ

Țɞώ �Sд˥ Ɇʀ9́űƠ<İ��ʀ>µ

ĜÁυ<FGĮȝİ>͖Țɞώ �Tб̖20

ŅвжʀæģÁυ8?˴ͫȘƞÎ<țƙϲÔ8

ȅ)7˸ƛƙ˵ΪʋƞбБƞдǴ<QSñʷΊ

˽ƞеɶªʶ˷ʏе ?'IUTв 50°Ã¢

>čɅÞȚ�Ę'100 m̆ǂ8Ŵŋ+TбİȚ

ē΃͊Hm 3вжİȚμϛ8?țƙϲÔ865°Ã

¢>ē΃ÞȚ>čɅ͊Dλȉ+T дčɅ͊Û

8?țƙ<υ6"9ōƙб˵Ϊʋƞв?˫̑�

Rϊλ+TQ�<;TжμϛčɅ͊Û>˵Ϊʋ

ƞ>Ę'?50 m8д/>£Ë<?ŹƛƞΪ�\

Z�d�lq\x ŦЊЖбЦ'̦40 m�Ƶ̦

60 mсHm 2-13ё14с̖21ŅвXǲ)7Ŵŋ+

Tж%>ŦЊЖ<ŮIS¢ʏ>͖ȚμϛI8Ę

'650 m>ōƙ>FGϏ̲˦;Њô �TбHm 

2вж͖ȚμϛбHm 1-1ё2�QAHm 2-1ё3в

<Ę'130 mг>Ƴ̷ͦʶ˷ƞƙбɶªʶ˷ʏ

>ν˴ñʷƞ�ñʷΊ˽ƞ8лён>����

{tx>Ѓ̌8�ϛ<w\i\xΪʶƛΊ˽

ƞ�ʿƞ ?'IUTв Ŵŋ)д/>¢Ë<

?ʀæģİȚμϛ>ŦЊЖÃ£>Ę'̦400 m

бHm 2-5ё12в>�\Z�d�lq\xƙ Ŵ

ŋ+Tж�\Z�d�lq\xƙ>ȳ£ϛ150 

m�ISбHm 2-5ё8в?ɇˉ˵ΪʋƞбБƞв

8дIU<Ę'Ȕ m>ν˴ñʷƞбɶªν˴ʏв

X?'K дŦđ?¢ΐ>Ƴ̷ͦϝǥʶ˷ƞƙ

9?ĮȪ˟ˬ>ĥ͙ǥ �Tж͖ ȚčɅ͊Û8

?˵ƞ�ʋƞ¶ƙ�QA˵ƞбĘ'10 m�ISв

8д˵ ƞ?ʶƛƞΪ>q��r\x˵ƞ8�Tж

Įƙ>­ϛ?ʶƛǥ˽ƞбʕǁŉ˴ʏ>Ѓ̌

Îв ­Î8ʶƛΊ˽ƞбŀôƞˬвXÇ�д

Ǵ<QSq��r\x˵ƞ>Ѓ̌ƙNq��

r\x˵ƞ�ʋƞ¶ƙ;:X?'Y8�Tж;

�д­ϛ>£ϛ>q��r\x˵ƞ>Ѓ̌ƙ>

˫¢<?Ę'10 m̆ǂ>˴ͫȘƞΊ˽ƙ �

Sд˴ ͫȘƞÎ9�\Z�d�lq\xƙ>ϲ

ÔX˳TǶ �S9;Tжȳ¢ϛбĘ'100 mв

?¢χ>ŹƛƞΪ�\Z�d�lq\xбĔ�

ŀôˬв8�Tж͖ȚčɅ͊Û?Ƴ̷ͦϝǥʶ

˷ƞƙ<ŮIS�\Z�d�lq\xƙD̲

"290 mг>ʁƿЊЖбHm 1в ̲"ж 

Ċ �� �Ś�¤ä¢ěD0/R5N:>0B¢

�üËÙ�Ś 
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� ʠσF�б1989в?¢χ>Q�;΂ȯɞώ�

ƙǀ>ǺȊ9?˟;T̰ɊX˾)7�Tж+;

W3д΂ȯɞώ<5�7?ʀæģÁυ>İȚɞ

ώ>μË̓X�\Z�d�lq\xŦЊЖ>

čɅÛ<�T9)д¢ʏÛ>͖Țɞώ?ΚL,

˥ɆʀƩ<ʅ�μбčɅеē΃вXȵ)1İȚ

ɞώ �T9)1жƙǀ<5�7?дʀæģÁ

υ>“İȚɞώ”Xɞǲ+TʋƞƙбȽŚĳ>İ

Țμϛ¨͊в9ȽŚĳ�\Z�d�lq\xƙ

>ȳ¢ϛ�­ϛXĬW-1M><5�7“Ƚƛ

ƙ”дʀ¢ʏ>“İȚɞώ”Xɞǲ+TȽŚĳ>

�\Z�d�lq\xϛƙ£ϛ�Ƴ̷ͦϝǥʶ

˷ƞƙб͖ȚčɅ͊ÛXıL7в<5�7“˥

Ɇʀƙ”9)1ж�żƛʞ�ōΪŅƵ8?Ƚ�

�x<ϲWTōƙ9)7żƛʞƙ͆“ʥ>ʀ

ƙ”�“˥Ɇʀƙ”д“ŧˊƠЃŜƞƙ” öƱ+T

9'U1ж̪ ƙˬ¶>țƙϲÔN͖Țμ>Βż

<ĽЙ �T д��xçÎXFGżƛʞƙ͆

9)1%9XƎϠ+Tж 

� ʠσF�б1989в?дȽŚĳ>�\Z�d�

lq\xƙȳ£ϛ>ɇˉ˵Ϊʋƞƙ�R>Ȑ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȓͶČ˴йΕș�QAĮ*"čɅ͊Û>Įϛ

ƙ Ŗ ǁ � R > з Ε ș  Lychnocanium 

nipponicumƳбª¦Ĥ�ͭϡд1973в<Ζǐ)д

ªȹªȜ¦ǖđёǖȹªȜ¦Āđ9Ά;)7

�TжĮϛƙ­ϛʶƛǥ˽ƞª>ʋƞÜ˽��

�td>�R>йΕș Cyrtocapsella tetrapera

Ƴбª¦Ĥ�ͭϡд1973с11.34ё12.26 Ma<ʖ

ʪв8ªȹªȜ¦9)1ж'R<д˥Ɇʀæģ

>˸ƛƙȳ£ϛ˵Ϊʋƞ�R>иΕș 

Cyrtocapsella tetraperaƳ9)7�Tж¾ł>ƙ

ǀ<�7?LT9дĤ�Č˴Ƴ QS¢Ë>ƙ

ʨ�R˕ô+T9��̰Ɋ ˾'UTж�\Z

�d�lq\xƙ­ϛʶƛǥ˽ƞªʋƞÜ

˽���td>йΕș<5�7?ʋƞÜ˽��

�td £Ëƙ�R>ġSτJ9��%98

΋Ϟĥ͙8�Tж 

ŠŚ�����
ŤÈ°¬���¤äåÝ�

яōǑŅѐ1/2.5 �żƛʞ� 

яË ̓ѐč̻42ѓ58’6”�Ʌ̯141ѓ10’бżƛʞ

ŦɥвжŇϓ230ĩ̸>żƛʞʡʇưͻ8JRȾ 

ƶТ�ō£ϥ˯УíТQS�l>Ó �Tб˯ 

Ċ �� �Ś�¤äåÝeķ$�ĳÔĸTÑt�ŖÈ°¬�ïŒá|<S>UėŘ���� ��ŗŚ 
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УíQȘ20 kmвж 

я΋ Νѐżƛʞʡʇ?/>į>˘Ʉ8�T×

Фá�ͅʇżƛ
J�,J*P �( Y

� 1867ƸбǱǡ2Ƹв<ÄƏ

ƕ>ŧʼʔśXϰ�1> ŮIS8дȦʃ̳Ȝ

9;SϰǼÐ>Γĥ�ȏȋXǚ7д/>Ŗ˼ 

̜�U1жʇΪ?ı�]ϝОŞʇ8дȳЦʇʡ

?90�υ"<;TжżƛʞʡʇÁυ?ΥƷƩ<

ͲüƩдˤ¸ƩдƏɤíƩ Ĭʏ)ΤƵ ǽ 

T%9�Rдʁơɯ§>ˢϔ ͥŭ8д­<Ц

Ë�ªË�ÌË>йɯ>ɯ§Ѝ ΚLRUTб̖

22ŅвжȳMƽ�Ѝ?Ňϓ;:­΄ƺ̸ϓγ9

ʡʇͻ>­΄ϛö οTªËЍ8ƷơЍ<Ɗ

ɲ8!дʁƿЍ�R>ɲЦ?25 m̆8�Tж;

�дʡʇͻ�Ƴ?Ĵń>ƛбȸȢƠ�ţȢƠ;

:вдʁơɯ§>Ʀ�QAʁƿ;:+E7дǖ

ȹªȜ¦úЖГ<Ǒǲ'U1˴ͫȘƞÎ8ɞ

ǲ'U7�Tж 

� żƛʞŦɥ�RȴΆɥÁυI8ΥƷƩ>ʁ

ƿ<?šΪ)1˴ͫȘƞ �Ѝ<Њô)7�

Tб̖23Ņвжʡʇɶ?ƞÎ>ĂU˪QSʤô

)7�Sдːŋ60̘ǴǍ>ʇʧ �Sдʤ!ô

1M>Xʇʧɱ<q�d<1L7Ð˖)7�

TжŦɥ£>ĭɥбЦƛɥвNȴΆɥ>¢;:

�Rд%UR>q�dNϜ̙;:X˰LT%9

 8!Tж 

� żƛʞʡʇÁυ>ōƙöƱ�ōΪɞώ>ɝ΄

?`\c�]Č˴ϲϏΞɏ8?Ͳü�ΥƷƢ�

�x9)7I9LRU7�Tб̖22ŅсȾƶư

ĕˇРʎĈn�q�̹д2007вжI,дͲüƩ

<��7?Ͳüɥ>˫#£ʏ>��xϭ250 m

ϱб̖зŅ Jōʺв8ã̖¡̤Ͳüƙб˹Ϊ>

ЭёЭʷͦ˵ƞ�ʋƞ¶ƙс̖24Ņв öƱ+

Tж%>Áυ8?ĮƙXɓ9+T͖ȚɞώбF

Gēč>μȝİв д£ʏ>żƛʞʡʇưͻÁ

υ<?˴ͫȘƞÎбΧæƞÎв �SдͲüƙ

öƱŔ9ĮƞÎ>ϱ<żƛʞƙ͆ öƱ+Tж

%>ϱ1.4 km>��xΞɏ>̰Ɋ<QU@дI

,Ͳüƙ<Țº¤ȕĬϲÔ8Ϡ;TƳ̷ͦʶ

˷ƞƙбñʷΊ˽ƞ�ʶƛΊ˽ƞ�ʶƛǥ˵˽

ƞдƙ˒30°ĀǖɅÞȚв ƙĘ250 mг8Ŵŋ

+Tжɧ<£ʏ>ΥƷƩ9>öƜʺ>ϨŲģÁ

υ8?Ɠō˦;İȚɞώбμȝİ?΃ē΃еɅ

čɅ820°Ã£>ÞȚ>ƙ˒в �SдƳ̷ͦ

ʶ˷ƞʋƞƙбñʷΪʋƞ9ɶªʶ˷ʏ>ν˴ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ñʷƞ>¶ƙв ƙĘ80 mг8Ƴ̷ͦʶ˷ƞƙ

>¢ËXĖL7öƱ+TбCgвжΥƷƢr�<

5; Tϛö ΥƷƩ>Ƚʏ8�TжΥƷƩʅ

�8?ĬʏʺÁυ�Rżƛʞ͞ʼ>ɂæģÁ

υI8>ϱ8д̷ ͦʶ˷ƞʋƞƙ FGɅ΃>

μXM41ʊˉ΂ȯX͂Sφ)7öƱ+TжƩ

>Ʌ΃¨ơ8?ɯ§�ǵˉōǥЍ�RƛōȚЍ

<šWTÁυQSƛōÛ8?�\Z�d�l

q\xƙ<̅͹+Tж%>ōƙ?дĬʏʺÁυ

>ΥƷƢʡʇɅÛ>ţȢʀɉϓʅ�бYzвN͞

ʼ>ɂ�RΥƷƢr�i\x>ϱбHkв8ΉƇ

'UTжŦ�ƭ˽X­Î9)1ŹƛƞΪʶƛΊ

˽ƞ8дťȔ>ŀôˬĔâб����{txв

>Ѓ̌Î8�Tж�ϛ<¹Ίё¹î˽XıKŉ

˴ʏˉŗ̌ˬMıIU7�TжΥƷƢr�i\

xÁυбHk-1ōʺс̖зŅ Kōʺв8?ʁƿ�

R>ɲЦ300 m�IS>Ʀ>FGçÎ Ƚƙ8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ċ���ŚÆĭÖ�*Yâ.ÿ(,ŖåÝ%Āģ

Á¦j^ĩ)+çuŗŚ�

 

Ċ �� �ŚĤx¢$ąĳŕŴŕìĢā¦Tß¦_

¢ŖĤxªĤxÖYâŗŚ 
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ɞǲ'U7�TɟŲб15°̆ǂ>ɅÞȚв ϖ

ȷ8!дçƙĘ?350 mг<;TжYz8>ΉƇ

8?ȳ£ϛÁυ8?ϝǥʶ˷ƞƙбν˴ʏв�

˹ΪБƞƙX?'K%9 �SдǴ<QSw\

i\xΪʶƛΊ˽ƞ9;S˴ͫȘƞÎ9>Ƅ

ȅ;ϲϏXÉW-TЊЖM�Tж;�дȽ��

xí8?ΥƷƢʡʇ8ʡʇ����eб���

�eʚǂ1,001 mв žȞ'U7�Sд/>̰Ɋ

8?ʚǂ0ё15 mÁυрɯ§˽ƙд15ё295 mÁ

υрżƛʞƙ͆Ƴ̷ͦʶ˷ƞʋƞƙб195 mÁ

υQSʑϛ?ʷͦБƞ�ñʷΪ̫̠˵ƞ¶ƙ8

9!<ν˴�ʶƛΊ˽I*Sд/UÃ£?Ƴ̷

ͦñʷΪʋё˵Ϊʋƞдȳ£ϛ20 m̆ǂ?ʷˤ

̫̠ͦñʷƞвд295 mÁυÃ£рͲüƙб795 

mÁυI8Эʷͦ˹Ϊʋƞ�ñʷΪ˹Ϊ˵ƞ¶

ƙд/UÃ£?ʷˤͦ��ϛƳ̷ͦ>ñʷΪ˹

Ϊɜ̫ё̫̠˵ƞ8ЬϥϦ̠ıв8�Tж 

� ŉƔб1953в8?Ƴ̷ͦʶ˷ƞƙ “ˤɶƩ

ƙ”дƳ̷ͦʶ˷ƞʋƞƙ “ˤ¸Ʃƙ”д�\

Z�d�lq\xƙ “ŧˊƠЃŜƞƙ”<Ɗ

ɲ'U7�TжɡǊō>ˤɶƩƙ�QAˤ¸Ʃ

ƙ ͲüƩʅ�>¨ƙ<˻ž<Ɗɲ8!T�

:��˻Δ ;�%9�Rд%%8?¨ōƙį

XÐ˖-,żƛʞƙ͆>JXÐ˖)7�Tжʠ

σF�б1992в?�\Z�d�lq\xƙ<Ζ

ǐ+T“ΥƷƢЃŜƞƙ”<5�7�żƛʣē΃

>ΥƷƢŦɥ�RŇϓD>ˣSϓбɉϓвʅ�

8ȃġ)1w\i\xΕș87.6
0.4 Ma>K

еArƸÂXŚĳ)7�Tж%>ƸÂ?ǖȹªȜ

¦ǖđX˾)дżƛʞƙ͆>¢Ë>˸ƛƙ¢ϛ

>ƸÂ8�Sд%>Q�;ƸÂX˾+ϛö ż

ƛʞƙ͆�\Z�d�lq\xƙ<Ζǐ+T

�:��ĽЙ �Tж 

 

�

� Ã¢дȾƶ>ŬǃȖ9M΍�TΥƷƩ¢ʏŔ

>ōΪ<5�7­<̬¿)1 д/%8?ǖȹ

Ȝ˔Â>ōƙ�ʶƛŀôˇ öƱ)дť">ʶ

ǲƞÎ<Χ�U7�TжǐΖōŔ<5�7?д

ϒĚдōΪŅƵΞɏXúL9)7'I(I;ō

ΪΞɏ ϐLRU7!1 дʶ˷ƞ�ʶƛǥŗ

̌ƞ9Ќʶƛǥŗ̌ƞ>ˬ¶ϲÔ ɩ˻<Ǻ

Ȋ'U,д/U<ƞ˴>šΪ>ĽЙ �RJд

ϗ÷;ōΪŅ>Ïǲ?�I2ό¢9�41ɯ

Ͻ<�Tж9M�Uд`\c�]Č˴ϲϏΞɏ

8?дȾƶ>˔�̑3XȦR�<+T1L<?д

I,ȪϱμXǷ3̑7T%9 Ϡ΄9>̑ś

8Ξɏ˶̍XϐL7!1ж/>̰ɊдȾƶ>j

���8�Tʹƞƛ>ǲ̑б250 ƸĀГвX

ıL7дΥƷƩʅ�<Ⱦƶ1,500 Ƹ>ōħ F

G΋Ȧ8!д̬ ¿8!T%9<;41ɧ̖8�

Tж 

 

 

Akiba, F.,1986, Middle Miocene to Quaternary 

diatom biostratigraphy in the Nankai Trough 

and Japan Trench, and modified lower Miocene 

through Quaternary diatom zones for 

middle-to-high latitudes of the North Pacific. 

Init. Rept. Deep Sea Drill. Proj., 87, 393–481. 

ЋɎŦ¿�Ɲɂ͐�Ϡϡ͎®д2007дčʕϓ΃

ϛдʹƞƛ>ʶƛƞƙǀ9ƞ˴ŷ˦ˈǞж

ȢȽōΪŷÆ114ƸŷͺŦÆΡʭ΄ȤЃ , 

164бO-207вж 

ЋɎŦ¿�Ɲɂ͐д2008дčʕϓ΃ϛдȜ̖¡

̥ʹƞƛʶƛ>�e�ʛĬϒ̆ж2008ƸȢ

ȽʶƛŷÆΡʭ³̊Ѓ, 94бP02вж 

ŉƔ̀Ёд1956д5 ö>1ōΪŅƵ�żƛʞ�

�QAĮΝȦȱжčʕϓϰˢƼд88pж 

ŉƔ̀Ё�Əƛíˀд1956д5 ö>1ōΪŅƵ

�˴ƛ��QAĮΝȦȱжčʕϓō£Ωʧ

ΞɏǴд54pж 

ϭΤƩʯ�Əƛíˀд1978дŇƅ-żƛʞōŔ

>ōΪ9ϦƿеōΪɞώˢϔħXªǟ9)

7ежō£ΩʧΞɏǴΞɏ˶̍Śĳno.5д37pж 

ϭΤƩʯ�ƾΤƹũ�ƝŵЁ�Эʀϙǒд1987д

ȏ̕21ʣčȝōŔ>ōΪ9ϦƿбϦˇΩʧ

ϰˢΞɏŚĳд̖4Śвжō£ΩʧΞɏǴŚ

ĳдno.58д23–29ж 

Ĥʀ½, 1996, čʕϓ�ʄ˗˚>¢ϛªȜ̱�R

ˢΆ'U1Ȝ1;ʕˆНČ˴жČ˴д60д

1–11ж 

Ĥʀ½д2009дХXΆT˪ёdk�Č˴ˢΆ>

̖�ɫжȾƶưĕˇРʎĈn�q�ǪŚΙ

���m�q�дNo.36ж 

Ĥʀ½д2010дdk�ˢȂúï>Ϸж̵ǤŚ

ĳЯЯЯǣW=ƗϰдŦ!;ǲɊЯжȾƶ

ưĕˇРʎĈn�q�ǪŚΙ���m�q

�дNo.43ж 

Ĥʀ½д2017д'4HV>dk�?+&�ЯЯж 

µ� ÷� À� ó 

�� -� +� # 
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�  ȾƶưĕˇРʎĈn�q�ǪŚΙ���m

�q�дNo.67ж 

˴˗ɩũ�ȲƕЮì�Д˗ͨȶд1980д20 ö

>1ōΪŅ�Ⱦƶ�.ōΪΞɏǴж 

Ⱥɂ� ŷд2002д���xĠɃƳ>vdx{d

lŷжɅ»Ŧŷô˅Æд271pж 

Kobayashi, S., Horikawa, H. and Miyazaki, S., 

1995, A new species of sirenia (Mammalia; 

Hydrodamalinae) from the Shiotsubo 

Formation in Takasato, Aizu, Fukushima 

Prefecture, Japan. Jour. Vert. Paleo., 15, 

815–829. 

«ƛÕȦ�ƛģ˯̥�Ŧ̔ƬĨ�д2005, ��

aqr\`\c�]>ˏʹČ˴ƸÂ. ȢȽ

Ĥ˔ˇŷÆ̖154łÑÆ³̊ЃØ¼Ρʭ15д

34ж 

ſŎˮĲ�ÖɎǆ��ʠσ� ƈ�Ɇ¸� ǫд1986д

˽ƞ̮ǲ�RΆ1ªŪčʕϓ>ǖȹȜ˔Â

ƛōǑǲħжōŃ˶ƌŚд31д285–294ж 

ª¦ĤƹɧϚ�ͭϡ͍¡д1973дȢȽȜ̖¡̥

>Č˴ȐȓͶöƳжōΪŷΟЃдno.8д23–33ж 

Ɲ� ŵЁд1997дčʕϓ9/>ĴσʕŔ>}_

vdx{dl<ϲ+TΠĽЙ�ÁдȾƶÁ

υ8>ʎțƙ>Ŵŋ9ōЉˢ˔<5�7>

͋Ƈ�жĆͳΜȒȁωŻΐǢΟȗЃд

427–449ж 

Ɲ� ŵЁд1999дčʕϓÁυ>}_vdx{d

là�ˈ<}_vdx{dl>ōŔĎö9

ˈǞ�жȴøōˑд21д549–556ж 

ƝŵЁд2005дʏÎΩʧ����ew�q<Q

TȾƶưªǟϛ9/>č΃ōŔ>ō£ōΪ

ɞώ>΋Ȧ�ÁдȾƶư;:<QTмōЉ

ȄɏțЍ>ōΪ΋Ϟ�жčʕϓ̑ōΪ˶̍

ǴŚĳдno.76д1–54ж 

ƝŵЁ�̂˗ͳũ�ͭĶķ�ЦΆЂ¡д1992д

ɺüư>ōΪ9ʡʇΩʧж106pж 

ƝŵЁ�ςɶϔĪ�Цɥąµ�̂ ͯȗЁ, 1991, Ⱦ

ƶưͻ£9΃ϡōŔ>ƏɤíƩƙ�QA΃

ϡƙ>ȪÂ9Ɗɲ. ōΪЄ, 97, 25–38. 

Əƛíˀ�ɀȽͥ°�čƩͨ˙д1956д5 ö

>1ōΪŅƵ�Ⱦƶ��QAĮΝȦȱжčʕ

ϓō£ΩʧΞɏǴд64pж 

Ƨƣƛ̌д2006дȾƶưēĎ>ʹēéň9·ρ

Ŧɥ<öƱ+TȜ̖¡̥ʋƞ>ƸÂжčʕ

ϓ̑ōΪ˶̍ǴŚĳдno.77д11–15ж 

Ⱦƶưд2004дƷǲ15ƸǂōЉϲÔŖ˼Ξɏº

Áϣд˴ˋƷϡčϛō£ɞώΞɏǲɊŚĳ

ȱж198pж 

ȾƶưȒ͕ůĸÆ̹д1996д'4HVȗǄ77д

ōǑ9ōΪжčʕϓȜ͏˿д316Pж 

ȾƶưĕˇРʎĈn�q�̹д2007дȾƶưŦ

ŒĈˇČ˴̶ĬΞɏŚĳȱ�it��`\

c�]9Ⱦƶōħ>΋Ȧ�ж156pж 

ʀ¸ϭЁ�Ѐʀŭĕд1988aдȾƶưΥ͈Ϧƛ

Ĵσ>Ȝ̖¡̤ϝǥñʷƞ>�[tj�

��x�tdƸÂжϦƛōΪд38д517–525ж 

ʀ¸ϭЁ�Ѐʀŭĕд1988bдȾƶưΥ͈Ϧƛ

Ĵσ>w\i\xΪν˴ñʷƞ>�[tj

���x�tdƸÂ9Υ͈Ϧƿ>˔ǲȪȹж

ϦƛōΪд94д785–788ж 

ʀ¸ϭЁ�Ѐʀŭĕд1992д΃ēčʕϓΥ͈Ϧ

ƛĴσ>ƏɎʀƙ>�[tj���x�t

dƸÂжōΪЄд98д267–270ж 

ϲɔϔũ�ªɂÕũ�ȧϡ�i�Ā˗ƋĿ�Ɲ

ŵЁ�υͳĉ�̞ϓĕ�ƛƥͨɣ�ΫɆĴ
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Fig. 4 
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