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Geochemical and microstructural approaches for high resolution reconstruction of paleoclimate and 

paleoecology using giant clam shells 
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Ăǚ1¼Īķ$#�ǣ·&Ŕ�9Ď��5¼żØĠŊ"3 ſ	36 ��ȑűÿt�űÿ&ŤŠƻ

ö&żØ9Ď��5�/&¼żØĠŊ"3 ȐǟƓIsHȊņ1�ŁǏ&ő�ć«$Suo"3 

şƇ26 ��ȑ�ŁǏ&őȐǟƓIsH&Ȋņ$#'ůǬAoK=g
3$4Ȑ�&ǬƢÂ��Œ
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 ſ	5�"�!�5ȑ�ŁǏ'ůǬAoK=g&ő&Ĭȁ%ĜǴƩȎĂǚȐįǚ$#ȏ9¨.$�

3�¬ĜǴ9�5�/ȐĜǴƩ&ĉĜÇĺ�8
6(ĜǴƩ%Ŝ��®ç£ŀ&Ʀł%į�9�6

365ȑ-�Ȑ�ŁǏő%¨-65ďƣňǟ!�5ĜǴƩ'�ŁǏ&Žų"3 &ĒƜ""0%ŽĖ

żØ&ĊȂ9ǆǲ3 	5 [Kennish and Olsson, 1975]ȑ<sWŠȐàāŠ&űÿ�űÿ&ŷŻƓ%ă

�£þ�5�ŁǏKiGB<ƕ'ȐÝáƳ%ƾƹƸ��Ž3 	5�/ĜǴ�İ�Ȑő%įǚtĂǚ

9¨.$�3ĩ°Ă%8�4ĜǴ�5[Watanabe et al., 2004]ȑűÿ�űÿÓ&ŤŠƻöżØ&Ď�%

ǽ3ȐKiGB<ő&ǬƢtůƢÂ��Œ�3 ďǯ�Ƣ£ŀ
3č365¼żØėÖ'Ȑ�&¼ż

ØǵĤĠŊ"ŒǙ3 Ȑį
3ĩ°Ă&ȋ	ĴǵǄ�Ć"	
ŴĐ��5ȑ-�ȐKiGB<ő'â

ĭ|�Ǹ%®Ə"3 ž¢3[Harzhauser et al., 2008]Ȑƪì$ő9ğ��/�åŵĚ&Ƶ	®Ə��ĝ

31�	[Watanabe et al., 2004]ȑKiGB<ő9ſ	��6-!&¼żØƐƘ'ȐKiGB<ő&®

çƥĜ"żØėÖ&ŒǙ3�CinbpuKls��!�4ȐKiGB<ő&ȋĴǵǄ�Ć9Ž


3 ��Ɔ$Ŕǎ9Ď�3�ƐƘ'ĩô$	Ȏ��(ơ 3±Ă©&įðǯ9Ď�3�Hori et al., 2015
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ďǳ%25�ōŘƋ1ŬƲ9ĈĴ&ő&ƥĜ��å26 	5�"9ƒǊ3�ČȐÐŹ®ç£ŀ9

ƺ$��ȑKiGB<ŽƯĴ&Ťŕŧ"Ťŕ&ǬƢÂ��Œ9¹ĳ�5Ȑő&èêǬƢÂ��Œ"Ȑ

�ÁĜ&šĕ9¹ĳ�5ő&èêůƢÂ��Œ'ȐůǬ×ƴ­¡źƼƭ9ĤƧ3�Â��ŒǑǯ£

ŀǅ!Ũê3�ȑ-�Ȑő&ďǯ�Ƣ'ȐpuJu;bpuKlsKMTgĤƧ&ǋòƦÁcmNe

Ǒǯ£ŀ"ǋòƦÁcmNeƄ�£ŀ!Ũê9ƺ$��ȑ-�Ȑő&¤ŲĬȁ1ƷŲ%ǃî265Ĝ

ǴƩȎįǚȐĂǚȏ'ȐULPoe<EqMGuc9ſ	 ][meħĊ9ƺ	Ȑƀ�¡źOaV!
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Ȏ�� 1ȏř[ȌúžKmXfB<&ÐŹ®ç£ŀ"ĜǴƩǄŀ
3Ĳ3
%$��¾ȇ&ƃǕ 

� 2013Ă%ƺ86� IPCCƚ 5ōǈ�ÖÆķ%25"Ȑñľüß$űÿ�ŔÎ&ƄŽ�Ù�5�"

��Ũ26 	5[IPCC, 2013]ȑ-�Ȑ21|Ơļ%'¾ȇ&ćĆ�Ù¬3Ȑ�-!�y&ćȇ�Å�

�"��Ę26 	5[Tsuboki et al., 2015]ȑ�&ƦłȐȇë"Şţë��-!�y%ť¨®�5�"

�ěē265ȑǴĺƆ$¾ȇ&ñľ�Ũ&�/%'ǣ·&¾ȇ&÷ŏ9Ď��5�"�đǀ!�5ȑ

ǣ·&¾ȇ&Ď�ƐƘ' Paleotempestrogy"È(6Ȑ�6-!@uMVmn;1ßƿŠ$#%�	 

@u\u=?RKkũśÕƗų[Liu and Fearn, 1987]1_uQnRL[Nott, 2011]
3ĩ°Ă
3ĩƅĂ

´�!&¾ȇ&ȃĆ1ćĆ�Ď�26 	5ȑ-�Ȑ~Í%�	 ǣ·&ĪŶǆǲ
3 11|Ơ�Ǹ

±Ăǵ&¾ȇ&ȃĆ9Ď�3 	5[Liu et al., 2001]ȑ3
3Ĺ¿�©&ÐǑĴ�%��5¾ȇ9Ď�

�5�"'ǿ3�ȐȋĴǵǄ�Ć&¼żØĠŊ�ŗ/365ȑ��!ĽƐƘ!'įĽ%Ĥǜ�5Þ�

&¾ȇ&ǡǖ%�ƭ�5įĽĸ³ƙ&úȐř[Ȍú
3ģº26�KiGB<ȎKmXfB<ȏő&

ÐŹ®ç£ŀ"ĜǴƩǄŀ9ƺ	¾ȇ&ǆǲ"ŒǙ3�ȑ 
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5ř[ȌúǜŤ'¾ȇ%�	ƻöŕ�Ţ265�"!Ūı�ƄŽ3ńȈ×Ò&ǰƈ£þ9ğ�\n

=g�ƻö%Ǣ(65ȑ¾ȇČ%Ž45cmsEVsboug0ǶǠ3 KiGB<ő& Ba/Ca &

`uE�Ž4�½ưĕ��5ȑ�63&KiGB<ő&ÐŹ®çƆ�2)ďƣňǟƆ$ƃǕ'ŽĖ

Ó*&¾ȇ&Ĥǜ9ǆǲ3 �4ǣ·&¾ȇǆǲǅ"3 ĺċ¢ľ5ȑ 

Ȏ�� 2ȏÊƁú®ƏKiGB<
3ǌ.Ǆ�Ķĭ|-éĭ|&Ŕ�ÛǦ 

� Ķĭ|'ÐŹǂŋ&í ®�ȅƶ%$5 258.8wĂ©
3jsBuWn;MĺȎ1.29�1.17wĂ©ȏ

&Ƥ84-!"26 	5ȑŖĺ—ǵŖĺ&Ŕ�Û­�Ĳƌ%$5Ĵ�!�4ȐDansgaard-Oeschger

I<Eo�Ɣ�2
%ƎÇĺ!ȐĔŭ$Ŕŧ&yızǸ�Ž4 �4Ȑ�Ȇ&Ƅõ1ŸÏ&ŽĚƟ&

ĉĜ%ĊȂ9{� ��ȑȍ�úƊßúǩ&ÊƁú'ǼǓIsHƓ
3$4Ȑǣ· 12wĂ&ǵįĽ

ĸǞ&ǼǓǞĆ90�[Ota & Omura, 1992].�&ŴĐ%24ÂvÐŰ!ČĺĶĭ|
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MTuL 3ȎMIS 3ȏ'ŸÏ240 30 Ȓ�yŤŕū���[Sasaki et al., 2004]ȐĈĴ&IsHƓ9ǃî

!�5&'ȐǼǓǞĆ&Ǟ	]c;YkuDY;&^k@s²ú1ÊƁú%ǹ36 	5ȑÊƁú'

¯ƿàāŠ"ĿKXŤ%ȁ3 �4¾ȇ1hsMusŔ�$#%ß�$ĊȂ9»� 	5.ÊƁú'

Ķĭ|
3éĭ|%��5Ŀ;L;&ŤŠżØ�2)Ŕ�Û­&ǄĲ9ƇĠ�ŤŠÐǑçƆƐƘ%

�	 ǭǀ$�ƭ%�5ȑĽƐƘ!'ÊƁú%�	 ČĺĶĭ|�2)éĭ|&®ƏKiGB<ő

9ģº3ȋĴǵǄ�Ć!&ŔǎŸǎ&Ď�9ƺ��ȑ 

À®ƏKiGB<őǉī' SEM�2)XƩËĞ!ƧĜ9ǈ�3�åŵĚ�Ƶ	�"�¦Ĳ3�ȑ

éĭ|&®Əǉī&Ă�'ĵĂŅŎ!Ȑ3924±49Ă©�2) 7220±45Ă©!���ȑ-�ȐČĺĶĭ

|&®Əǉī&Ă�'Ȑ5w 5±Ă©(55 ka)"¦Ĳ3�ȑ55ka&®Əǉī&ǬƢÂ��Œ
3Ď�3

�Ťŕŧ'ŸÏ&ÊƁúÇǛ&Ťŕŧ24āÑ! 4 ℃�	�"�8
��ȑ55ka &®Əǉī&ĜǴ

Ʃ'2��å26 �4ȐĜǴƩĀ'ǬƢÂ��Œ"ǝƉǶ3®Əǉī&ĜǴ'ŕŧ%�å3 	

5ȑ�&®Əǉī&ĜǴ�Ä'ŸŽǉī"Ȇ�3 	�ȑ-�ȐÜæ%¾ȇ�ÊƁú%Ĥǜ3�ĴȐ

ŸŽǉī&ĜǴƩĀ'Ĕŭ%Ŧô3�ȑ��!ř[Ȍú!&ŇǇ%Ô�� 55ka&®Əǉī
3¾ȇ

&Ď�9ǉ.�ȑ®Əǉī'ŸŽǉī"Âŉ%Üæ%Ĕŭ$ĜǴƩĀ&Ŧô1 Ba/Ca &`uE9Ž

4Ȑ¾ȇ&åÏ�ƔÉ26�ȑǟƓIsHȊņ! Ba/Ca 'ǻÓ&ŚûŢ�&ǵĤĠŊ"$5�"


3[McCulloch et al., 2003]ȐKiGB<ő&Ba/Ca0Âŉ%¾ȇ%�
ǻÓ
3&\n=g&Ţ��¹

ĳ26 	5½ưĕ��5ȑ-�Ȑ55 ka&®Əǉī%ǆǲ26�¾ȇ&ȃĆ'ŸŽǉī240ó2


��ȑ-�}Ʈ%'¾ȇ�Ĥǜ�5æƝ%0ǥ	���� 

Ȏ�� 3ȏMiocene&®ƏKiGB< ȋĴǵǄ�Ć&żØėÖ"ENSOŉĩĂÇĺÛ­Ď� 

KiGB<&ő'ƪì$;mHX<V
3$4ȐŴ%¶�ƄǤ�5ő�ö'®Ə"$� 0�åŵ

Ě�Ƶ	ȑơ 10Ma&<sWZK;Lirúž®ƏKiGB<ő&ÐŹ®ç£ŀȐĜǴƬǄŀ9ƺ�

�ȑ~ĭ|' 2303wȓ533w 3000Ă©Ȏ23.03-5.333MaȏȐĭƚxƠ&ĸ¥&Ĵ�%��4 1500wĂ

©Ȏ15Maȏ9ǣ�5"�)í ®�ǡ.Ȑ;L;ÐÓ&hsMusŔ��ȅƶ"$��(Zachos et al., 

2001)ȑ 10Ma17%'ȐŸÏ"+,Âŉ&ßǻǫƭ"$��ȑ�&Čĺ~ĭ|&Ŕ�Û­9æƝ�

y&ĴǵǄ�Ć!Ĳ3
%3��'ô$	ȑ 

®ƏKiGB<őǉī' SEM�2)XƩËĞ!�åŵĚ&Ƶ	ǉī9ǧ¢3Ȑő&ďƣňǟ02�

�å26 	5�"�Ĳ3
%$��ȑő&ǬƢÂ��Œ1ĜǴƩĀ%'ĂÇĺ�.36ȐĜǴƩ9

ſ	 ÐŹƕç£ŀ&Ʀł%Ĵǵǘ9�65�"�!��ȑ23%Ȑő&ǬƢÂ��Œ%'Ĺę$ĩ

ÇĂÛ­�Ǌ/36ȐŸÏ&>oYuYl³Įġ­%Ȇ�3�Û­�ǃî26�ȑő&ǬƢÂ��Œ

&;[enu9"4Ȑ�&��ǐ%KaV�5Ĵ%'ȐŸÏ&mYuYiŉĴ"Âŉ%Ăǵ&ŕŧý

�ó2�$4ȐǸŕǯ�Ù¬3 	��"�ƔÉ26�ȑ 

�yȐĽƐƘ!KiGB<ő9ſ	�ȋĴǵǄ�Ć&ÐŹƕç£ŀ�2)ĜǴƩǄŀ24ȐKiGB

<ő%¾ȇ&ƃǕ�Ő265�"9Ĳ3
%3ǣ·&¾ȇ9Ď�!�5½ưĕ9Ɣ3�ȑ-��®Ə
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