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Á3ìrí�ìrí Ô�SUM9M�N�M�mçp N�SUlkuEO$P�N�K���L�m�u:SUu�K�N�M ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì±íW\
Á3ìrí�ì ë Ô�SUM9M�N�M�mçp N�SUlkQTK9qUÈ(q-OTmTN@MÀì	ì ì	ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì±íWN
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í�ì í3ì \ Ð\�;L@oEuEqUKtSxP�uEq-OTMÖSUQTQ1q-K9P�L�N@M\É½oESÀ�;N@M�lTK9N mTl�KtSUO$P���NnPtK�S�jUSxuEonì NW\

í3ìrë ÕÖq-�;Q1q-M9u�Ptu�q-O�u�M�qUP�q-QTuEê5lTNFm�N	O�L�q>m��>�;N½ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì NG^
í�ìrë�ì�¼ J�K�L@��q-O���N�O$P�KtSxP�uEq-O}M�lTK���SxK9PtqUlT���TN�MBì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì NG^
í�ìrë�ì Á ÕÖq-o�q-OTOTN@M���SxP�uEq-OTu�ê5lTN�M ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì NGP
í�ìrë�ì í ÕÖq-o�q-OTOTN@M�Ï¿¾�iZÏ¿J ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì O-Â
í�ìrë�ìrë Ô}N@M�lTK9N	SUl » Q1N��@P�K�q-��æ@P�K�N�m�NF�CSUM9M�NFÉRP��TN�K9�;qãÓ uEqUOTuEM�SxPtu�q-O

á(ÌåÍ�Ô » â ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì O�¼
í�ìrë�ì \ 
ØSUo�uEmÚSãPtuEqUO�ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì O$Á
í�ìrë�ì]^ Ð\�;L@oEuEqUKtSxP�uEq-OTMÖSUQTQ1q-K9P�L�N@M\É½oESÀ�;N@M�lTK9N mTl�KtSUO$P���NnPtK�S�jUSxuEonì OW^

í3ì \ ¾¿L��;SUK�����N ê5lÚSUo�u�P�L¶ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì OVN
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ë�ì�¼ ÕÖq-�;QTSUKtSUu�M�q-OvSxl3ÑvmTq-O�OTL�N@M\�Tu�M9P�q-K�u�ê>l�N�M ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì P�¼
ë�ì Á iØSxl » l�sÚSUK��äPtu�ê>l�N	Í O$P�N�K���L�m�u:SUu�K�NCì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�Â�¼
ë�ì í iØSxl3ÑkQTK�qxÈ(q-OTmTN@M�m�N�M��;N@K�M�Û\qUK�mTu�ê>l�N�M ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�ÂVN

ëTì í3ì�¼ iZSUM�P��FK�N@N�OToESUOTm}ÕÖlTK9K�N�O$P ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�ÂVN
ëTì í3ì Á Ô}N@K\m�N Û�q-K9jUæ�w-N ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼U¼.Â

ë�ìrë ×�Ä9q-K�mkÛ\SUOTM�N@O ì ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼U¼FN
ëTìrë�ì�¼ Ç�L�M9lTo�PtSxPtM ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼U¼FN
ëTìrë�ì Á ¾¿u�M��@lTM�M9uEq-O¸ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼U¼FN

ë�ì \ Ð¿QTQ1q-K9P�M�mçprN�SUl3ÑkmTqUlT��N@M�m�N�M��
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�FK�q>N�OToESUOTm3Ó i���q-M9M�N­ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�íUë
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\>ì í iØSxl3ÑkuEO$PtN@K���L�mTuESUuEK9N�M\ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�ë5Á
\>ìrë iØSxl3ÑkmTNnmTL�s1q-K9mTN���N�O$Påì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�ë-ë

\3ìrë�ì�¼ ¾ » Ý�à ì ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ìÅ¼�ë-ë
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\3ì]\ Û�q-K9P��và N�M�P�Ð�Pto:SxO5P�uE�nÎÖqxP�PtqU�±à­SxPtN@Khìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ìÖ¼�ëVP
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¼-ìÒ¼ Ü+S��@uEK9��lToESxPtu�q-OCPt��N�K���q-�ÚSxoEuEO�N ì	ì ìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì¹¼ Á
¼-ì Á J�K�q � o�Måmçp JGK�M�É1^½M9PtSxPtu�q-OTMåmTlkOTq-K9m�SUlvM9lTm�mTNno?prq>��L�SUOvÐ�Pto:SxO5P�uEê5lTNfì ì	ì¹¼F\
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Á3ìrí ÕÖuEK9��lToESxPtu�q-O�w-L@OTL�K�SUoENFmTN@M\��N�K9M�Û\q-K9mTuEê5lTN@M ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì®í�¼
Á3ì ë ÕÖuEK9��lToESxPtu�q-O�mTNnM�l�K9È�SU�@N	m�N�M��;N@K�M�Û\qUK�mTu�ê>l�N�M ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì®í$Á
Á3ì]\ ¾¿u:Sxw-KtSU����N�� � » mTN@MZN�SUl3ÑÀmTNåM�l�K9È�SU�@NåN@PZM�l�sTM�lTK�È�SU��N�mTN@MZ�;N@K�M�Û�q-K�mTu�ê5lTN�M íUë
Á3ì_^ ¾¿u:Sxw-KtSU����N
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mTuEê5lTN@M¹ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì	ì ìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì®íW^
Á3ì]N ÕÖuEK9��lToESxPtu�q-O�mTNnM�l�K9È�SU�@N	m�N	oES½K�L�wUuEq-O�M9lTsTQ1q-o:SUu�K�N�O�q-K�m}SxPtoESUO$Ptu�ê>l�N ì	ì ì	ì�ëT¼
Á3ì_O ÕÖuEK9��lToESxPtu�q-O�QTK9qUÈ(q-OTmTNFm�N oESÀK�L�wUuEq-O�M9lTsTQ1q-o:SUu�K�NFOTqUK�mkSxPtoESUO$Ptu�ê>l�N ì	ì ì	ì�ë5Á
Á3ì_P ¾¿u:Sxw-KtSU����N�� � » mTN@M	N�SUl3Ñ�mTN�M�lTK�È�SU��N½NäP M9lTsTM9lTK9È�SU�@N�mTN½oÊp Ð�PtoESUO$PtuEê5lTN

» lTsÚSxK��@P�uEê5lTN�ì	ìnì ì	ì	ì ì	ì ì	ì	ì ìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì�ë-ë
Á3ìÒ¼.Â¬¾¿u:Sxw-KtSU����N � � » mTN@M N�SUl>Ñ u�O5P�N�K9�;L@mTu:SUu�K�N@M N@P Q�K�qUÈ(q-O�mTN�M m�N

oÊp Ð�PtoESUO$PtuEê5lTN » lTsÚSUK9�@P�uEê5lTN¹ì ì	ì	ì ìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì�ëV^
Á3ìÒ¼-¼bÕ�SUK9P�NFw-L�qUoEq-w-u�ê5lTNFo:S �@q-OTNnmçp L@Ptl�mTNCìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì \3¼
Á3ìÒ¼ Áh×Úq-K��;SxPtu�q-OTMÅsÚSUMtSxo�Ptu�ê5lTN�MåmTNnoES ��q-OTN	mçp L@P�lTmTN ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì \-Á
í�ìÒ¼ » u�P�N�Måmçp L����TSUO$PtuEo�oEq-O�OÚSUw-N�m�N	oES½��SU��QÚSUw-O�N » uEw-OTSxPtlTK9N!�-�FuEO�M®ì	ì	ì ì	ì ì	ì \GO
í�ì Á J�K�qUP�q3�@q-oEN�m�N	��N�M9lTK�NnmTN@M\�@q-OT�@N�O$PtK�SxPtu�q-OTM�N�O}Ç\iZi ì ì	ìnì ì	ì	ì ì	ì ì	ì ^-í
í�ìrí 
ØSUK�uESxPtu�q-O�mTNnM9N�OTM9uEsTu�oEu�P�L¿mTNno?prÍ�Õ�J�Ó�Ô » ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì Nxë
í�ì ë J�K�qUP�q3�@q-oEN�m�N	��N�M9lTK�NnmTNnoES;Õ¿ì Í�ìÚmTN	Û\m ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì NWN
í�ì]\ » L�QTSUKtSxP�uEq-O�����uE��uEê5lTNFmTl}Û\m ì	ì ìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì NGO
í�ì_^ Õ�SUoEu�sTKtSãPtuEqUO���Ç�N�OTO�N�M�� ����Ü+S;ÙUqUoEo:S���ì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì OUë
í�ì]N Ç\SxQTQ=qUK9P������ K3M����� K3M mTlvM9P�SxOTmÚSUK9m���Ç�N�O�OTN�M���ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì OV\
ëTìÒ¼ Õ�SUK9P�NFmTN�M�mTq-O�OTL�N@M\�Tu�M9P�q-K�u�ê>l�N�M ì ìnì	ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì P$Á
ëTì Á Í OTmTu���NnÛ\Ð�Ý°�Tu�jUN�K�OTSUo�mTN�¼DOW^Uë�É�ÁUÂ-Â-ÁRì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì P-í
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ëTì ë ¾¿u:Sxw-KtSU����N���Ó » ÃÚ�;N@KåmTl��FK�q>N�O�o:SUOTm&Ã&¼DPWO-Á Ó�¼DPGP-í�ì�ì	ìnì ì	ì	ì ì	ì ì	ì PV\
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ëTì]N » Q1N��äPtK9N�M�mTN	Ç\iZiemTN@M\L@���ÚSUO$Ptu�oEo�q-OTM�mTN » Ð\Í à ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼.ÂV\
ëTì_O Õ�SUK�PtN@M\mTN@M\Õ¿ìrÍ�ìÚmTN	Û�m}mTN@M\L@���ÚSUO$Ptu�oEo�q-OTM�QTK9qUÈ(q-OTm�M�m�N�M��;N@K�MåOTq-K9mTuEê5lTN@M ¼.ÂWO
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ëTìÒ¼-¼ Ì*KtS Ä9N@�@P�q-uEK9N�M�mTNnoÊp Ð�P�à mÚSUOTM�oEN¿mTL@P�K�q-uÒP�mTl�¾¿SUOTN��;SUK � ì	ì	ì ì	ì ì	ì	ì	ì\¼ Á3¼
ëTìÒ¼ ÁhÔ}L@o:SUO�w-N	iØSxlkÐ�P�o:SUO$P�uEê5lTNUÃ�×ÚÄ9q-K�mvÛ\SUOTM�N@O ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼ ÁUí
ëTìÒ¼.íeÐ\OTq-�;SUoEu�N�M�mTNn�ÚSxl�PtN@lTK�mTNno:SÀ��N�KåÌ�J�Ó`iZÇ » ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼ Áxë
ëTìÒ¼�ëhÐ\QTQ=qUK9PtM�mçp N�Sxl}mTqUlT��NxÃÚ�;N@K�m�l}Ü+SUs�KtSUmTqUKªì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼ ÁWN
ëTìÒ¼F\e¾¿uESUw-K�SU�;��N JLK�M�Ó » mTN�M�N�Sxl3ÑkmTNnM�lTK�È�SU��NnmTN@M��
	UP�N�M�mTl�Ü+SUs�KtSUmTqUK�ì	ì	ì\¼ ÁGO
\3ìÒ¼ ¾¿uESUw-K�SU�;��N �³Ó » mTN@MFN�SUl3ÑDmTN½oÊp Ð�PtoESUO$PtuEê5lTN OTq-K9mçÃ�mçprSUQTK�æ@M	ÎÖK�q>N�� �xN�K

NäP¿J*N�OTw�á�¼9PWO$Á-âÅì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼.í-í
\3ì Á Õ�SUK�PtN@M\mTN@M�L����ÚSUO$P�uEoEo�q-OTMåmTNnM9lTK9È�SU�@NUÃÚq>��L�SUO}Ð�P�o:SUO$P�uEê5lTNFOTq-K9m�ì	ì ì	ì	ì	ì\¼.íV\
\3ìrí ¾¿uESUw-K�SU�;��N�JGK�M�Ó » mTN@M�L����ÚSxO5P�uEo�oEq-OTM7mTN�M9lTK9È�SU�@N�mTN�o?prq>��L�SUOÀÐ�P�o:SUO$Ptu�ê5lTN

OTqUK�m ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼.íVN
\3ì ë iZSUl3ÑvSxPtoESUO$PtuEê5lTN@M�mTlkÛ�
�Ð�Õ ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼�ë$Â
\3ì]\ J�K�q � oEM�mçp JLK3M.Ã » N@P ������� mTSUOTM�oENFmTLäPtK9q-u�P�mTl}¾�SUO�N��;SUK � ì	ì	ì ì	ì ì	ì	ì	ì\¼�ë<\
\3ì_^ J�K�q � oEMåmçp JLK3M Ã » N@P ������� mÚSUO�M�o�N����TN@OÚSUo*×�SUK�q>N�M`Ó » �TNäPtoESUOTm�N@P�oES½�;N@K�mTN

Û�q-K9jUæ�w-N ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼�ë<N
\3ì]N iéj-qUoEl�P�uEq-OvmTN@M���SUKtSx�@PtL@K�u�M9Ptu�ê5lTN�M�mTNno:S�Û�àDÐ�ÎÅà ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼�ëVP
\3ì_O J�K�q � oEM�mçp JLK3M.Ã » N@P ������� mTlkwU�>K�NnM�lTs�Q=q-oESUuEK9N�OTq-K9mkSxPtoESUO$PtuEê5lTN ì ì	ì	ì	ì\¼F\UÂ
\3ì_P » ����L��;S�mTNnoESRÈ(q-K��;SxPtu�q-O�mTN	o:S½Û\i�Ð�¾�à ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼F\G^
\3ìÒ¼.ÂhJ�K�q � o�mTN �	�	
���
 mÚSUO�M\o�Nn¾åà�Î�Õ¥ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼F\WN
\3ìÒ¼-¼ Õ�SUK�SU�@P�L�K9uEM9P�uEê5lTN@M¿mTN@M¿Q 	-oEN@M�l3PtuEo�uEM9L�M�mÚSUOTM\oENn��SxoE��l�o*m�NR��qU�;Q1q-M�uÒPtu�q-O�mTN

oES�Û\i�Ð�¾�à ì ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼D^-Â
\3ìÒ¼ ÁeÇ�L�M9lTo�PtSxPtM�M�l�K�oESÀ��q-��Q1q-M�uÒPtuEqUO�mTNno:S�Û¿i�Ð¿¾åà ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼D^�¼
\3ìÒ¼.í » ����L��;S�mTNn�@uEK��@lTo:SãPtuEqUO�QTK�qxÈ(q-OTmTNnmçprSUQTK9æ�M�¾¿uE� �5M9q-O�NäP¿ÎÅK�q 
�O á`¼DPWPUë$âRì	ì\¼D^Uë
\3ìÒ¼�ë Õ�SUK�SU�@P�L�K9uEM9P�uEê5lTN@M�m�N�M » JØÔkà mTlkwU�>K�NnM9lTsTQ1q-o:SUu�K�N�O�q-K�m}SxPtoESUO$Ptu�ê>l�N ì	ì\¼D^W^
\3ìÒ¼F\e¾¿uESUw-K�SU�;��N JLK�M�Ó » N@P ��Ó » mTN�M » JØÔkà ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼D^WO
\3ìÒ¼D^ » ����L��;S\K�L@��SUQ�u�Ptl�o:SxP�u�È3mTNÅo?p Sx��ê5lTuEM9u�P�uEq-OFmTN@M�M9uEw-OÚSãPtlTK9N�M*mTN�M*PtK�qUuEM+��q-l����TN�M

mTNnoES�Û�Ð�¾�à ì	ì	ì ì	ì ì	ì	ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼FN3¼
^�ìÒ¼ J�K�q � oEM�mçp JLK3M�mTN�M�M9PtSxPtu�q-OTMåmTlksÚSUM9M�uEOkmTN	Û\qUK9j-æ@w-NRìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼FNWN
^�ì Á Õ�SUK�SU�@P�L�K9uEM9P�uEê5lTN@M;mTN@MCN�SUl3ÑbPtN@oEoEN@M�ê>l�N������\ÁWN3ì]NW\�������� � mÚSxOTM;o�NvwU�>K�N

M9lTsTQ1q-o:SUu�K�N�O�q-K�m}SxPtoESUO$Ptu�ê>l�N�ì	ì	ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼DO-í
^�ìrí ÕÖq-O���N�O$P�KtSxP�uEq-OTM}mTN�M}L����ÚSxO5P�uEo�oEq-OTMvPtN@oEMkê5lTN������\ÁWN3ì]NW\�������� � mÚSxOTM�o�N

wU�>K9N	M9lTsTQ1q-o:SxuEK�N¿OTq-K�m}SxP�o:SUO$Ptu�ê5lTN ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì\¼DOUë
Î¿ìÒ¼ i�Ñ3N���QToEN@M�mTNnM�Q1N��@P�K�N@M¿mTN	Ç�iØi ì	ì ì	ì ì	ì	ì ì	ì ìnì	ì ì	ì	ì ì	ì ì	ì	ì	ì�Á3¼F\
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Á3ìÒ¼ Ðå�@K�q-O$�>�;N@M\m�N�M�OTq-��MåmTNn��q-l�KtSUO$PtM ì	ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì�ÁLO
Á3ì Á Ðå�@K�q-O$�>�;N@M\m�N�M�OTq-��MåmTNn�CSxM�M�N@M\m&prN�SUl¸ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì�ÁLP
í�ìÒ¼ ÎÖoESUOT�@MåmTNnK�L�Sx�@PtuÒÈ(M¬ì ì	ì	ì ì	ì ì	ì	ì ì	ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì ^UÂ
í�ì Á Ô}N@M�lTK9N�M�mTNnM�q-o�l�Ptu�q-O�M9PtSUOTmÚSxK�m}É�o?prÍ�Õ�J�Ó`Ô » ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì`N>¼
í�ìrí ÎÖoESUOT�@MåmTNn���TuE��uEN�m�N	��N�M9lTK�NnmTN@M¿Ç�iZi ì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì`NUÁ
í�ì ë Ì*N�M�PtMFM�l�KFo:S;jxSUo�uEmTuÒPtLnmTN�MF�@q-OT�@N�O$PtK�SxPtu�q-OTMFmTN½Ç�iZi N!Ñ3P�KtSUuÒPtN@M�mTN�M

��SUK9P�q-lT���TN@M�Õ¿¼DO3ìCìnì ì	ì	ì ì	ì ì	ì	ì ì	ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì`Nãë
í�ì]\ Ç�N�QTK9q3m�lT�@P�uEsTu�oEu�P�L\m�N	oES½�;N@M�lTK9N	m�N	oES�Õ¿ìrÍ�ìÚm�N Û�m�ì ì	ì ì	ìnì ì	ì	ì OG^
ëTìÒ¼ ¾¿qUOTOTL�N@M\l3PtuEo�uEM9L�N�MÖQ=q-l�K�oESÀ��q-��QÚSUK�SUuEM9q-O��Tu�M9PtqUK�uEê5lTN�ì	ì ì	ìnì ì	ì	ì PWN
Î¿ìÒ¼ ÕÖq-O���N�O$P�KtSxP�uEq-OTM�mTN	Ç�iZiemÚSUOTM�o�NnJ=Ð¿Ð » ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì�Á3¼F\
Õ¿ìÒ¼¤ÕÖq-��Q1q-M�uÒPtuEqUOTM&u�M�qUP�q-QTuEê5lTN@MçmTNØÛ\mnmTN�oES���SU��QÚSUwUOTN » uEwUOÚSxPtl�K�N!�U�nÍ`Û » Á-ÁUÂ
Õ¿ì Á ÕÖq-O���N�O$P�KtSxP�uEq-OTM�mTNFP�N�K�K9N�M�KtSxK�N�M�mTNnoES���SU��QÚSUw-OTN » uEw-OÚSãPtlTK9N!�-�FÍ`Û » ÁUí-Â
×ÖìÒ¼ » Sxo:SUu�K�N�M ì ì	ì ì	ìnì ì	ì	ì ì	ì ì	ì	ì ì	ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì�ÁWNxë
×Öì Á Ç�N�M9M�q-lTK9��N@M � OTSUOT��u�æ�K9N�Måì	ì ì	ì ì	ì	ì ì	ìnì ì	ì ì	ì	ì ì	ì ì	ìnì ì	ì	ì�ÁWNW\
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JLKNM9K�J O K3M5PRQTSVUXW>Y[Z\S+]\Y>^RQTSVU0_`Y>W[QbaXc�SbY>^'Y[Q+]\Y>^Rdfe[gCU<h\i�Y>^+]\Y
d3UX^b^bY>^�]�jkY;U<Z KlKmKmKlKRKlKmKlKmKmKlKmKlKRKlKmKmKlKmKlKnJ[o

JLKNM9KNM O K3MfP�QTSVUXW>Y[Z\S�]\Y>^�e>WVp�U<h\i�Y>^�]\Yqd3U<QTcsr[SbYRU<Z9tud3U<STi�Y>^
avW>e;U<h\csw!Z#Y>^ KlKmKlKmKmKlKRKlKmKlKmKmKlKmKlKRKlKmKmKlKmKlKnJ)x

JLKNM9KNy O K3M'PFQTSVUXW>Y[Z\Sz]\Y>^|{�U<gse>a<}~W[c�SbW[Z\gCU<QTcsaXh#^�Y[Q�{�U<gse>a<}~e[SbaL^TcsaXh#^ J;�
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Ü�p q-s>Ä9N@P�mTNØ��N@P9PtNØPt�Tæ@M�NÖN@M9P�oÊp L@Ptl�mTNÅm�NÅoES��@q-�;Q1q-M9u�Ptu�q-OFuEM9qUPtqUQTuEê5lTNZmTNÅOTL�q>m��>�;N
m�N�M��;SUM�M9N�Måmçp N�Sxl�mTN¿o?prq>��L�SUO�Ð�PtoESUO$Ptu�ê>l�N¿OTq-K9m�N@PÖN�O�QÚSUK�Ptu���lTo�uEN�KZmTN¿��q-��QTK�N@OTmTK9N
�@q-���;N@O5Pno?p iZSUlfJ�K�qxÈ(q-OTmTN�Û\qUK�m Ð�PtoESUO$PtuEê5lTN�Sx��ê5lTuEN@K9P	MtS�M9uEw-OÚSãPtlTK9N�u�M�qUP�q-QTu�ê>l�NUì
Ü+S	��q-��Q=qUM�u�P�uEq-O½u�M�qUP�q-QTu�ê>l�N\mTN�OTL@q3m��>��NUÃ>OTqUP�L�N JLK�M.Ã3N@M9PÅlTOCPtK�SU��N@lTKØmTN�MÅ�CSUM9M�N@M
m&prN�SUlçÃ5N�O�QÚSUK�PtuE�@lToEu�N�K7mTN�oEN�l�K�M�PtK�S Ä9N��äPtq-u�K�N�M�NäPØmTN�oEN�l�K�M���L�o:SxOTw-N�M@ì » N@MÅQ�K�q-QTK9uELäPtL�M
M9q-O$P�m�L���K9u�P�N�MvN�O mTL@PtSUuEo�mTSUOTMko:S QÚSUK�Ptu�Nb¼Uì Á mTNf��NäP�PtN u�O5P�K�q>mTlT�äPtuEqUOçì¥ÜZp q>��L�SxO
Ð�P�o:SUO$P�uEê5lTNnOTq-K9m�N�M�P�lTO�N K9L�w-u�q-OkP�K�æ@M¿uE��Q1q-K9PtSUO$PtNFmTN	oÊp q3�@L�SUOk��q-OTmTuESUoÊìØÍ o+N�M9P\oEN
M9uEæ@w-NÀQTK9uEOT�@uEQÚSUo+mTN½oES;�@q-O$j-N�K9M�u�q-O mçprN�SUl3Ñ�PtK�qUQTuE��SUoEN@M¿mTNÀM9lTK9È�Sx��NÀN@OfN�SUl3Ñ}È(K�q-u�mTN�M
NäPÀmTN@OTM�N@M�ÃZê5lTuØM�N�K9L�QÚSUO�mTN�O$P½N@OTM�lTuÒPtN;mÚSUOTMÀo�N�M	��q-l����TN�M½QTK9qUÈ(q-OTm�N�MRm�N�MÀq>��L�SUOTM�ì
ÕÖN@M\Q�K�q>��N�M9M�lTM�M�qUO5P�o?prq-s5Ä9N@P�mTNno:S½QÚSxK9Ptu�N½¼-ìÒ¼	m�N	�@N@P9PtNnuEO$PtK9q3m�lT�@P�uEq-Oçì
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¾¿N �CSxOTuEæ@K�N�PtK9æ�M�M�u��;QTo�u � L@NUÃTo�NnK 	-o�N	ê5lTN�Ä9q-lTN	oÊp q>��L�SxO}Ð�P�o:SUO$Ptu�ê5lTNnOTq-K�mkmÚSUO�M
o�NR�@oEuE�;SxP�PtN@K�K9N�M9P�K�N½Q1N�l�P�M�p NäÑ3QToEu�ê5lTN�K�m�NÀo:S�È�SUß�q-ODM9lTu�jxSUO$P�NUìn¾¿N@MFN�SUl3Ñ����ÚSUl�mTN�M@Ã
Q�K�q.j-N@OÚSUO$P�mTN�MÖo:SxP�u�Ptl�mTN�MZPtK9q-QTuE��SUoEN@MÅm�N�M�mTu-,&L@K�N@O5P�M�q>��L�SxOTM�Ã3M�q-O$P�P�KtSUOTM9Q=qUK9PtL@N�M�N@O
M9lTK9È�Sx��N�N@PnM9lTsTM�l�K9È�SU�@NFÄ9lTM9ê5lçp Sxl OTqUK�m mTN�oÊp q3�@L�SUODÐ�P�o:SUO$P�uEê5lTN½OTq-K9mçìÀÐ\QTK�æ@M	o�N�lTK
QTSUM�M�SUw-NRmTSUOTM�o:S ��q-OTN SxP�o:SUO$Ptu�ê5lTNFPtK�qUQTuE��SUoENxÃT��N@M¿N�Sxl3Ñ}M�q-O$P\QTK�q-wUK�N�M9M�uÒj-N���N�O$P¿K�NäÓ
È(K9q-uEm�uEN�M*SUl ��q-l�K�M�m�NÅo�N�lTK+PtK�S Ä9N@P�ÃUQTK9uEOT�@uEQÚSUo�N���N�O$P+QÚSUK*��qUO5PtSU�@PéS�j-N��ÅoÊprSxPt��q-M9QT�Tæ�K9NUì
Ð mTN�MÖo:SxP�u�Ptl�mTN�MØM�l ��M�SU�;��N�O$PÖL�oENäj-L@N�M�Ã�oEN�K�N@È(K9q-uEm�uEM�M9N���N�O$P�Q1N�l3P!.@P�K�N�PtN�o?Ã3ê5lTN¿oEN�M
N�SUl3Ñ mTN}M�lTK�È�SU��N}mTN@j>uEN@OTOTN@O5P�QToElTM�mTN@OTM�N@M�ê5lTN�o�N�M�N�SUl3Ñ M9q-lTM�ÓÒÄ�SU��N@O$PtN�M@Ã���N�ê5lTu
N@O$PtKtS0/:OTN	oEN@lTK\Q�oEq-OTwUL�N	QÚSUK���q-O$jUN��@P�uEq-ODNäP�SxuEOTM9u*oESÀÈ(q-K��;SxPtu�q-Ovmçp N�SUl3Ñ}QTK9qUÈ(q-OTm�N�M�ì
ÕÖN@oEo�N�M�Ó ��u?ÃUQÚSUK�m�N���q-��QTo�NäÑ3N�M�QTK9q3�@N�M9M�lTMZmTNå��L�oESUOTw-N@M�Ã-mTqUOTOTN�O$PZOÚSxuEM�M�SUOT�@N�É�oÊpriØSxl
J�K9qUÈ(q-OTmTN	Û�q-K�mvÐ�PtoESUO$Ptu�ê>l�NCá	1�203547698:4<;-=?>@4BADCFEHGIGKJML�=?4NG"3!Ã�Û\Ð¿¾�à âäì
Ü+S­Û�Ð�¾�à¨ÃØN�O$PtK�SO/:OTL@N}QTSUK;M�S mTN@OTM�uÒPtLxÃå��q-lTo�NvmÚSUOTM;oEN�M��@q-lT���TN@M�QTK�qxÈ(q-OTmTN@M

m�N½oÊp q3�@L�SUOçì	i�oEo�NRQÚSxM�M�N½m&p SUs1q-K9mDQÚSUK�o�NÀM�lTm mTN½o?prq>��L�SUO�Ð�P�o:SUO$Ptu�ê5lTNUÃçQ�lTuEM�QTSUK�oEN
M9N��äPtN�l�K;u�OTmTuEN@OBmTNvoÊp q3�@L�SUOBÐ\lTM9P�KtSUoåNäP�N�O$PtK9NkSUoEq-K9MÀmÚSUO�M�o?prq>��L�SUO J�Sx��u � ê>l�NUÃÖq?P
M9q-O�uEORQÚlTN�O���NFM�N\È�SUu�PÅM�N@O5P�uEK*Ä9l�M�ê5lTNFmÚSUO�Måo:S QTSUK9P�uEN¿O�q-K�m�mTN¿��N�o�lTuÒÓ ��u?ì�Ð¿l�È(l�KÖN@PåÉ
��N�M9lTK�NÖmTNÖ�@NÖPtK�S Ä9N@P�Ã-��NäP�PtNÖN�SUl½QTK9qUÈ(q-OTm�N��@M@prL@K�q>mTN �ÖSxl½��q-O$P�Sx�@Pém�N�Mé�;SUM�M9N�Mém&prN�SUl
M9lTM�ÓÒÄ�SU��N@O$PtN�M@Ã7M9N���q-O$j-N@K9P�uEM�M�SUO$PRQ�K�q-w-K9N�M9M�u�jUN���N�O$P	N�OfN�SUl>Ñ mTN½M�l�K9È�SU�@NUÃ*QTK�u�OT��u�QÚSãÓ
o�N���N�O$PFmÚSxOTMFoEN@M ��q-O�N�MFPtK9q-QTuE��SUoEN@M�ì Ý�OD��q-O�M�uEm�æ�K�N�SxuEOTM9uÊÃ&ê5lçprSUl OTq-K9m mTN½oÊp q3�@L�SUO
J7SU��u � ê5lTNUÃ$o�N�M7N�SUl3ÑRQTK9qUÈ(q-OTmTN@Méq-O$PéP�N�K���uEO�LÖoEN@lTK*QÚSUK��@q-lTK9MéN@P�M9N�M�qUO5PéN�O$Ptu�æ�K�N@�;N@O$P
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Évaporation, reprise HNO3 0.3N

Prélèvement

Transvasement bouteille 500 mL

Fil tration dans certains cas

Acidification à pH=2 (HCl)

Rapatriement au laboratoire

Ajout de Fe, 150Nd, 172Yb

Attente > 24 h pour homogénéisation

Remontée du pH à 7 (NH4OH)

Attente de 48 à 72 h pour floculation

Siphonnagede l’eau surnageante
Transfer t dans cône à centr ifuger

Centr ifugation, dilution du sel

Transfert bêcher, évaporation, reprise en HCl 6N

Séparation du Fe sur colonne

Ajout In-Re

Mesure ICP-MS

Traitement des données
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Mesure TIMS

Prélèvement

Transvasement bidon 10L

Fil tration dans certains cas

Ajustement du pH à 3.5 (HCl)

Préconcentration sur car touches C18

Rapatriement au laboratoire

Élution des car touches

Évaporation, reprise HCl 2N 

Colonne cationique

Évaporation, reprise HCl 0.3N

Colonne HDEHP

Évaporation, reprise 1µL HCl 1N

Dépôt filament
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; j1�UR � �É� � 8z�,j0< � �,R � � � 
=< �,R q �[| ^.�,°*±�²><�> � {yR�{(?

; j1�UR � � �[p#q 8o�Éj0< � �,R w3p � 
=< � R q��#| ^.�É°*±³²><.> � �,R r ?

; j1�UR �A� w 8o�Éj0< � �AR � �)
C< r R � | ^.�,°3±³²	<.> � {yR q ?

; j1�URl{1� w 8o�Éj0< ��� R r �)
C< � R�{ | ^.�,°3±³²	<.>����,R p ?

; j1�UR r �É� r 8z�,j0< ��� R p �y� 
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?, �!3��!*>�)�![Í=�/ g>�B"J07;_ 5,°3±³²><�> � �,R�{yR

NACW ≈ -10.5

LCW ≈ -18
SPMW ≈ -13 à -15

LSW ≈ -14

NEADW ≈ -13

NWABW ≈ -14.5

LDW ≈ -13
DSOW ≈ -9

ISOW pure ≈ -8

Marge groenlandaise ≈ -40

30 à 60 %

40 à 70 %
100 %
(-14)

8 %
(-13)

13 %

55 %

24 %

32 %

32 %

≈1.8 g(Nd)/s
⇒ 2.6 unités εNd

22 %
14 %
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Option Explicit 
Sub REE() 
' 
    Dim listingicp, nomechantill on, nompesee, traitement, jour As String 
    Dim premiereligne, i, j, k, nbrligneparech, nbricp, icpasuivant, choix, position As Integer 
    Dim concIn, concRe, Ceojour, concNd, ConcYb As Double 
     
     
' MODULE GENERAL 
' ouvre model.xls et le sauve sous traitement.xls 
    traitement = InputBox("entrez le nom du fichier resultat") 
    Workbooks.Open FileName:="C:\Francois\ICP-MS\Traitement\model.xls" 
    Workbooks("model.xls").SaveAs FileName:= _ 
        "C:\Francois\ICP-MS\Traitement\" & traitement 
    concIn = InputBox("entrez la concentration d'In dans In-Re en ppm") 
    concRe = InputBox("entrez la concentration de Re dans In-Re en ppm") 
    Ceojour = InputBox("entrez Ceojour (valeur de l'ordre de 1)") 
    concNd = InputBox("entrez la concentration de Nd dans le spike en ppb") 
    ConcYb = InputBox("entrez la concentration d'Yb dans le spike en ppb") 
    Sheets("model").Activate 
    ActiveSheet.Cells(13, 3) = concIn 
    ActiveSheet.Cells(14, 3) = concRe 
    ActiveSheet.Cells(15, 3) = concNd 
    ActiveSheet.Cells(16, 3) = ConcYb 
    ActiveSheet.Cells(17, 3) = Ceojour 
    nompesee = InputBox("entrez le nom du fichier de pesee situé dans le repertoire traitement") 
    Workbooks.Open FileName:="C:\Francois\ICP-MS\Traitement\" & nompesee 
' ouvre le listing 
    li stingicp = InputBox _ 
    ("entrez le nom du fichier de donnees ICP se trouvant dans le repertoire listingICP") 
    Workbooks.Open FileName:="C:\Francois\ICP-MS\listingICP\" & li stingicp 
' demande la premiere ligne du listing et compte le nombre de ligne par echantill on 
    premiereligne = InputBox("entrez le numero de la 1ere ligne du listing ICP") 
    jour = Workbooks(listingicp).Sheets(1).Cells(1, 1) 
    i = 2 
    Do While Workbooks(listingicp).Sheets(1).Cells(i, 1) <> jour 
    i = i + 1 
    Loop 
    nbrligneparech = i - 1 
     
'Remplissage des icp 
    Workbooks(listingicp).Activate 
    j = 0 
    i = premiereligne 
    Do While Cells(i, 1) <> ("" ) 
        If Cells(i, 1) Like ("ICPA*") Then 
            Range(Cells(i + 2, 3), Cells(i + 32, 4)).Copy 
            Workbooks(traitement).Sheets("ICP").Activate 
            ActiveSheet.Range(Cells(4, 5 + 2 * j), Cells(34, 6 + 2 * j)) _ 
                .PasteSpecial Paste:=xlPasteValues 
            Cells(2, 6 + 2 * j) = Workbooks(listingicp).Sheets(1).Cells(i - 1, 5) 
            Cells(1, 5 + 2 * j) = ("ICPA") 
            Cells(2, 5 + 2 * j) = Workbooks(listingicp).Sheets(1).Cells(i - 1, 1).Row 
            Workbooks(listingicp).Activate 
            j = j + 1 
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        End If 
        i = i + 1 
    Loop 
    nbricp = j 
' copie des conc icp de icp vers model 
    Workbooks(traitement).Sheets("ICP").Activate 
    ActiveSheet.Range(Cells(4, 2), Cells(34, 2)).Copy 
    Sheets("model").Activate 
    ActiveSheet.Range(Cells(43, 6), Cells(73, 6)).PasteSpecial Paste:=xlPasteValues 
     
' MODULE A REPETER A CHAQUE ECHANTILLON 
 
    i = premiereligne 
    j = 0 
    Do While Workbooks(listingicp).Sheets(1).Cells(i, 1) <> ("" ) 
        If Workbooks(listingicp).Sheets(1).Cells(i + 1, 1) Like ("#*") Then 
        Workbooks(traitement).Sheets("model").Copy _ 
        before:=Workbooks(traitement).Sheets("model") 'nouvelle feuill e 
        nomechantill on = Workbooks(listingicp).Sheets(1).Cells(i + 1, 1) 'on la renomme 
        Workbooks(traitement).ActiveSheet.Name = nomechantill on 
        Cells(1, 2) = nomechantill on 
        Cells(2, 2) = Workbooks(listingicp).Sheets(1).Cells(i, 5) 'heure 
'       copie les coups echantill on 
        Workbooks(listingicp).Activate 
        ActiveWorkbook.Sheets(1).Range(Cells(i + 3, 3), Cells(i + 33, 4)).Copy 
        Workbooks(traitement).Activate 
        ActiveWorkbook.Sheets(nomechantill on).Range("C43:D73").PasteSpecial Paste:=xlPasteValues 
'copie les pesees 
        With Workbooks(traitement).Sheets(nomechantillon) 
             .Cells(6, 3) = Workbooks(nompesee).Sheets(1).Cells(3 + j, 1) 
             .Cells(7, 3) = Workbooks(nompesee).Sheets(1).Cells(3 + j, 2) 
             .Cells(8, 3) = Workbooks(nompesee).Sheets(1).Cells(3 + j, 3) 
             .Cells(9, 3) = Workbooks(nompesee).Sheets(1).Cells(3 + j, 4) 
             .Cells(10, 3) = Workbooks(nompesee).Sheets(1).Cells(3 + j, 5) 
             .Cells(11, 3) = Workbooks(nompesee).Sheets(1).Cells(3 + j, 6) 
        End With 
'recherche de ICPA suivant 
        icpasuivant = 0 
        For k = 0 To nbricp - 1 Step 1 
            If Workbooks(traitement).Sheets("ICP").Cells(2, 5 + 2 * k) > i Then 
                icpasuivant = (5 + 2 * k) 
                k = nbricp 
            End If 
        Next 
        If icpasuivant = 0 Then 
            MsgBox ("probleme icpa suivant") 
            Stop 
        End If 
'collage des icpa 
        collageicp traitement, nomechantill on, icpasuivant, 1 
        MsgBox ("1) resultats avec ICPA precedent:") 
        collageicp traitement, nomechantil lon, icpasuivant, 2 
        MsgBox ("2) resultats avec moyenne ICPA :") 
        collageicp traitement, nomechantill on, icpasuivant, 3 
        MsgBox ("3) resultats avec ICPA suivant:") 
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        choix = InputBox("votre choix: 1, 2 ou 3") 
        Select Case choix 
            Case 1 
                collageicp traitement, nomechantill on, icpasuivant, 1 
                MsgBox ("1) resultats avec ICPA precedent:") 
            Case 2 
                collageicp traitement, nomechantill on, icpasuivant, 2 
                MsgBox ("2) resultats avec moyenne ICPA :") 
            Case 3 
                MsgBox ("3) resultats avec ICPA suivant:") 
        End Select 
'incremente les indices pour avancer dans les fichiers pesee et listing et sauve la nouvelle feuill e 
        j = j + 1 
        i = i + nbrligneparech 
        Else 
        i = i + nbrligneparech 
        End If 
           ActiveWorkbook.Save 
    Loop 
     
    MsgBox ("merci d'avoir joué avec nous") 
     
    
End Sub 
 Private Sub collageicp(traitement, nomechantill on, icpasuivant, position) 
    Dim lignedebut, colonnedebut, lignefin, colonnefin As Integer 
    Select Case position 
        Case 1 
            lignedebut = 4 
            colonnedebut = icpasuivant - 2 
            lignefin = 34 
            colonnefin = icpasuivant - 1 
        Case 2 
            lignedebut = 129 
            colonnedebut = icpasuivant - 3 
            lignefin = 159 
            colonnefin = icpasuivant - 3 
        Case 3 
            lignedebut = 4 
            colonnedebut = icpasuivant 
            lignefin = 34 
            colonnefin = icpasuivant + 1 
    End Select 
    Workbooks(traitement).Sheets("ICP").Activate 
    ActiveSheet.Range(Cells(lignedebut, colonnedebut), Cells(lignefin, colonnefin)).Copy 
    Sheets(nomechantill on).Range("g43").PasteSpecial Paste:=xlPasteValues 
    Sheets(nomechantill on).Activate 
End Sub 
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ

O2 
(mg/L)

Filtration 
(x si filtré)

143Nd/144Nd
2σ    

(x10-6)

Nombre de 
scans (si < 

à 100)
ε Nd

Filtration 
(x si filtré)

Méthode
[Nd]       

(10-12g/g)

1
55.03°N, -52.14°E 21 4.81 34.43 27.25 10.62 0.511845 11 -15.5 Cart. 2.48

05/07/1999 198 3.80 34.79 27.64 9.42 x 0.511889 10 -14.6
2716 m

2
58.92°N, -47.12°E 30 5.12 34.49 27.25 10.00 0.511942 10 -13.6 Cart. 2.59

06/07/1999 101 4.19 34.78 27.59 9.72 0.511919 10 -14.0 Cart. 2.75
2901 m 230 4.27 34.90 27.67 9.38 0.511907 12.5 80 -14.3

600 3.52 34.84 27.71 9.43 0.511927 11 -13.9 Cart. 2.73
1000 3.27 34.86 27.75 9.14 0.511939 10 -13.6 Cart. 2.66
1600 2.87 34.85 27.77 9.47 0.511946 11 -13.5 Cart. 2.50
2270 2.57 34.89 27.84 9.16 0.511993 12 -12.6 2.49
2550 2.10 34.89 27.87 9.26 0.512018 10 -12.1 2.62
2796 1.29 34.84 27.90 9.82 0.512100 11 -10.5 Cart. 2.28

3
62.65°N, -53.90°E 16 3.85 33.61 26.70 10.87 0.511863 12 -15.1 Cart. 3.42

09/07/1999 41 2.83 33.96 27.07 10.50 0.511907 12 -14.3
2476 m 178 4.70 34.87 27.61 9.14 x 0.511863 10 -15.1

400 4.36 34.90 27.67 9.14 0.511875 10 -14.9 4.01
998 3.42 34.86 27.74 9.06 0.511862 9 -15.1 x 3.12

1700 2.87 34.86 27.78 9.33 0.511895 10 -14.5 3.66
2251 2.50 34.88 27.84 9.20 0.511796 12 -16.4
2431 1.83 34.87 27.88 9.45 0.511873 12 -14.9

IDENTIFICATION DONNEES HYDROLOGIQUES COMPOSITION ISOTOPIQUE DE Nd CONCENTRATION DE Nd
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4
57.96°N, -57.39°E ~ 7 ~ 6 ~ 34 - - x 0.511829 9 -15.8 x 3.93

11/08/1999 ~ 7 ~ 6 ~ 34 - - 0.511830 15 60 -15.8 3.85
Prof. inconnue

5
55,01°N, -56.40°E ~ 7 ~ 1.5 ~ 30.6 - - x 0.511361 10 -24.9 x 6.32

11/07/1999
Prof. inconnue

6
50.20°N, -45.68°E 26 8.65 33.92 26.33 9.75 0.511602 11 -20.2 4.91

14/07/1999 1650 2.99 34.86 27.77 9.29 0.511923 10 -13.9 2.50
3540 m 2499 2.70 34.90 27.84 9.06 0.511961 10 -13.2 2.64

3501 1.79 34.88 27.89 9.45 0.511897 9 -14.5 Cart. 4.76
7

55.55°N, -43.97°E 40 6.60 34.63 27.19 9.89 0.511837 9 -15.6 Cart. 3.08
16/07/1999 325 3.43 34.82 27.70 9.28 0.511886 10 -14.7 Cart. 2.74

3225 m 476 3.42 34.84 27.72 9.14 0.511890 11 -14.6 Cart. 2.94
926 3.21 34.86 27.75 9.07 0.511917 9 -14.1 2.57

2101 2.91 34.89 27.80 9.15 0.511955 9 -13.3 Cart. 2.95
2750 2.62 34.92 27.86 8.96 0.511981 10 -12.8 2.71
3270 2.12 34.90 27.88 9.18 0.511977 10 -12.9 Cart. 3.25

8
62.07°N, -40.19°E 201 5.90 35.02 27.59 8.84 0.511909 12 -14.2 3.00

16/07/1999
3225 m

9
62.70°N, -37.59°E 25 9.33 35.01 27.07 9.68 0.511889 10 -14.6 2.68

18/07/1999 101 6.48 35.05 27.53 8.79 0.511925 8 -13.9 Cart. 2.71
2125 m 205 5.60 35.00 27.60 8.88 0.511917 10 -14.1 2.76

601 4.10 34.90 27.70 9.04 0.511956 10 -13.3 2.66
1026 3.41 34.89 27.76 8.99 0.511933 11 -13.8 2.79
1519 2.88 34.85 27.78 9.47 0.511960 12 -13.2 Cart. 2.83
1801 2.70 34.87 27.81 9.39 0.512006 11 -12.3 Cart. 2.89
2100 1.22 34.85 27.91 9.99 0.512153 9 -9.5 3.35

+�,$-�.0/�. *21436587�9;:
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ

O2 
(mg/L)

Filtration 
(x si filtré)

143Nd/144Nd
2σ    

(x10-6)

Nombre de 
scans (si < 

à 100)
ε Nd

Filtration 
(x si filtré)

Méthode
[Nd]       

(10-12g/g)

12
56.37°N, -27.82°E 20 11.39 35.00 26.70 8.52 0.511878 10 -14.8 Cart. 2.51

22/07/1999 74 9.97 35.07 27.01 8.53 0.511873 9 -14.9 Cart. 2.81
2840 m 250 6.90 34.89 27.35 7.68 0.511866 9 -15.1 2.80

351 6.37 34.91 27.43 7.86 0.511867 11 -15.0 Cart. 2.89
500 5.47 34.94 27.57 7.41 0.511878 10 -14.8 Cart. 2.85
651 4.91 34.97 27.66 7.69 0.511884 10 -14.7 Cart. 2.80

1101 3.65 34.90 27.74 8.68 0.511907 10 -14.3 2.65
1750 3.07 34.88 27.78 9.21 0.511917 11 -14.1 Cart. 2.66
2500 2.66 34.95 27.88 8.85 0.511993 11 -12.6 Cart. 2.88
2828 2.48 34.96 27.90 8.99 0.512119 11 -10.1 Cart. 2.72

14
65.02°N, -30.23°E 31 9.55 35.06 27.08 9.14 0.511921 9 -14.0 2.15

27/07/1999 401 6.46 35.09 27.56 8.68 0.511959 11 -13.2 2.59
1875 m 549 5.63 35.02 27.61 8.53 0.511940 12 -13.6 2.62

1229 3.70 34.93 27.77 8.85 0.511981 10 -12.8 2.70
1860 2.35 34.89 27.85 9.47 0.512066 11 -11.2 2.71

15
65.32°N, -30.88°E 20 8.87 35.09 27.21 9.28 0.511935 11 -13.7 2.40

27/07/1999 750 4.49 34.94 27.68 8.77 0.511937 10 -13.7 2.52
993 m 800 4.44 34.96 27.71 8.48 0.511964 10 -13.1 2.57

984 1.36 34.82 27.88 10.08 0.512096 12 60 -10.6 2.66
16

65.17°N, -30.52°E 200 7.05 35.14 27.52 9.13 0.511912 11 -14.2 2.88
27/07/1999 1002 3.82 34.94 27.76 8.76 0.512034 11 -11.8 Cart. 2.28

1500 m 1299 0.92 34.77 27.86 10.40 0.512091 11 -10.7 3.01
1399 0.49 34.81 27.93 10.50 0.512105 9 -10.4 2.85

17
67.98°N, -21.78°E 405 -0.05 34.85 27.99 10.37 0.512107 10 -10.4 2.46

29/07/1999
861 m

IDENTIFICATION DONNEES HYDROLOGIQUES COMPOSITION ISOTOPIQUE DE Nd CONCENTRATION DE Nd
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18
69.07°N, -7.91°E 640 -0.35 34.88 28.03 9.91 0.512118 14 80 -10.1 2.59

01/08/1999 989 -0.71 34.89 28.05 9.74 0.512146 11 -9.6 3.10
1020 m

19
69.12°N, -7.50°E 20 6.52 34.76 27.29 10.10 0.512101 11 -10.5 1.74

01/08/1999 1500 -0.87 34.90 28.07 9.69 0.512116 10 -10.2 2.53
2065 m

20
69.21°N, -6.85°E 331 0.22 34.86 27.98 10.44 0.512207 11 -8.4 2.87

02/08/1999 2491 -1.02 34.90 28.07 9.63 0.512136 10 -9.8 2.69
2502 m

21
66.55°N, -10.11°E 20 7.94 34.65 27.00 10.15 0.512230 11 -8.0 2.13

03/08/1999 101 -0.26 34.75 27.92 11.74 0.512164 12 -9.2 2.25
1450 m 1000 -0.68 34.89 28.05 9.68 0.512134 11 -9.8 Cart. 2.20

1431 -0.87 34.90 28.07 9.43 0.512231 10 -7.9 2.96
22

62.75°N, -9.01°E 20 10.96 35.24 26.97 9.22 0.511963 12 -13.2 1.83
04/08/1999 50 9.19 35.29 27.32 9.04 0.511960 10 -13.2 2.52

490 m 200 8.18 35.26 27.45 9.03 0.511929 12 -13.8 Cart. 2.55
411 7.41 35.21 27.53 8.40 0.512029 11 -11.9 Cart. 2.01
483 5.71 35.13 27.70 8.82 0.512436 9 -3.9 4.04

23
60.50°N, -5.00°E 51 10.13 35.34 27.20 8.92 0.511970 12 -13.0 2.44

06/08/1999 99 9.20 35.33 27.35 8.93 0.511982 11 80 -12.8 2.64
1000 m 280 7.72 35.24 27.50 9.16 0.511984 10 -12.8 2.38

500 2.41 34.92 27.88 10.50 0.512172 11 -9.1 2.76
599 0.33 34.88 27.99 10.37 0.512221 10 -8.1 Cart. 2.89
800 -0.60 34.89 28.05 10.09 0.512170 11 -9.1 2.87
988 -0.77 34.90 28.06 9.97 0.512266 10 -7.3 3.54

24
62.74°N, -4.00°E 20 9.76 35.01 27.00 9.83 0.511976 10 -12.9 2.21

07/08/1999 100 8.14 35.26 27.45 9.14 0.511946 10 -13.5 2.67
1010 m 375 1.77 34.87 27.89 10.68 0.512183 12 -8.9 Cart. 2.57

450 1.02 34.87 27.94 10.50 0.512200 10 -8.5 Cart. 2.44
950 -0.53 34.89 28.04 10.02 0.512381 10 -5.0 Cart. 2.89

1003 -0.54 34.89 28.04 10.00 0.512346 11 -5.7 3.69

+�,$-�.0/�. *21436587�9;:
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ

O2 
(mg/L)

Filtration 
(x si filtré)

143Nd/144Nd
2σ    

(x10-6)

Nombre de 
scans (si < 

à 100)
ε Nd

Filtration 
(x si filtré)

Méthode
[Nd]       

(10-12g/g)

25
64.65°N, 4.18°E 21 12.23 35.04 26.57 9.36 0.511961 10 -13.2 2.24

11/08/1999 101 8.11 35.27 27.47 8.86 0.511968 11 -13.1 3.44
1400 m 401 2.88 34.92 27.83 10.13 0.512160 11 -9.3 Cart. 2.76

600 -0.24 34.89 28.03 10.12 0.512121 10 -10.1 Cart. 2.52
800 -0.67 34.89 28.05 9.99 0.512128 10 -9.9 Cart. 2.54

1385 -0.96 34.90 28.07 9.74 0.512172 11 -9.1 3.29
26

69.03°N, 7.95°E 43 8.29 35.19 27.38 9.64 0.512011 12 80 -12.2 Cart. 1.30
14/08/1999 74 7.27 35.22 27.55 9.28 0.512016 10 -12.1 2.94

3060 m 351 4.84 35.10 27.77 9.80 0.512017 12 -12.1 Cart. 2.25
801 0.93 34.89 27.96 10.19 0.512115 10 -10.2 3.16

1001 -0.21 34.88 28.02 10.07 0.512130 11 -9.9 Cart. 2.32
1700 -0.82 34.90 28.07 9.75 0.512108 12 -10.3 Cart. 2.49
2972 -1.01 34.90 28.08 9.79 0.512135 9 -9.8 3.93

29
77.67°N, 7.69°E 2 4.86 26.61 21.05 7.36 0.512042 9 -11.6 2.08

22/08/1999 50 4.88 35.08 27.76 10.01 0.512038 10 -11.7 2.42
3320 m 248 3.40 35.03 27.87 9.98 0.512065 10 -11.2 2.50

604 0.37 34.88 27.99 10.63 0.512072 10 -11.0 2.44
1513 -0.85 34.90 28.07 9.75 0.512120 15 80 -10.1 2.41
2423 -1.00 34.90 28.08 9.80 0.512115 10 -10.2 Cart. 2.69
3360* -0.99 34.91 28.08 9.88 0.512098 11 -10.5 2.73

30
76.74°N, -2.33°E 5 4.60 34.68 27.47 8.90 0.512051 16 60 -11.5 2.52

22/08/1999 21 4.56 34.72 27.50 7.51 x 0.512011 11 -12.2 x 2.28
2560 m 103 2.21 34.97 27.93 10.30 0.512058 12 80 -11.3 2.56

405 0.20 34.90 28.01 10.53 0.512065 10 -11.2
505 0.00 34.89 28.02 10.64 0.512062 11 -11.2 2.44

1314 -0.67 34.91 28.07 9.73 0.512092 11 40 -10.7 2.49
2016 -1.00 34.90 28.07 9.85 0.512099 11 -10.5
2512 -1.06 34.90 28.08 9.94 x 0.512117 10 -10.2 x 2.58
2512 -1.06 34.90 28.08 9.94 0.512083 12 -10.8 2.83

DONNEES HYDROLOGIQUES COMPOSITION ISOTOPIQUE DE Nd CONCENTRATION DE NdIDENTIFICATION
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32
77.03°N, -3.75°E 21 -1.25 33.24 26.74 12.23 x 0.512150 12 80 -9.5

23/08/1999 21 -1.25 33.24 26.74 12.23 0.512135 12 -9.8 3.39
1895 m 123 3.12 34.89 27.79 9.48 0.512051 10 -11.5 2.82

208 2.60 34.96 27.89 9.95 0.512043 12 -11.6 2.64
208 2.60 34.96 27.89 9.95 0.512002 10 -12.4 3.03
482 1.33 34.92 27.96 10.02 0.512033 11 -11.8 2.49
608 0.61 34.88 27.98 9.78 0.512088 10 -10.7 2.46
805 0.14 34.89 28.01 10.03 0.512066 11 -11.2

1423 -0.57 34.91 28.06 9.80 0.512052 16 53 -11.4 2.64
1840 -0.74 34.92 28.07 9.73 x 0.512121 11 -10.1
1840 -0.74 34.92 28.07 9.73 0.512087 10 -10.7

33
77.18°N, -4.39°E 20 -0.69 33.16 26.65 13.37 0.512167 10 -9.2 3.57

23/08/1999 50 -0.69 33.16 26.65 13.37 0.512108 11 -10.3 3.36
1575 m 351 2.14 34.97 27.94 10.08 0.512046 22 40 -11.5 2.71

42
72.91°N, -12.97°E 707 -0.53 34.88 28.04 10.40 0.512079 11 -10.9 2.36

25/08/1999 2635 -1.12 34.90 28.08 10.00 x 0.512113 13 80 -10.2 x 3.15
2690 m

45
72.91°N, -15.85°E 1521 -0.84 34.91 28.08 9.68 0.512102 11 -10.5 3.11

25/08/1999
2000 m

46
72.87°N, -16.18°E 50 -1.00 34.33 27.61 11.64 0.512077 11 -10.9 3.22

26/08/1999 900 -0.46 34.89 28.04 10.05 0.512095 11 -10.6 2.41
1520 m

48
70.00°N, -17.01°E 431 -0.04 34.88 28.01 10.41 0.512068 12 -11.1 2.38

26/08/1999 698 -0.42 34.89 28.04 10.09 0.512083 11 -10.8 2.39
1280 m 1001 -0.65 34.90 28.06 9.88 0.512086 11 -10.8 2.37

50
70.00°N, -18.00°E 404 0.15 34.90 28.01 10.39 0.512106 19.5 40 -10.4 2.43

27/08/1999 573 -0.35 34.89 28.04 10.21 0.512096 17 60 -10.6 2.41
1655 m 1007 -0.67 34.90 28.06 9.89 0.512091 9 -10.7 2.49

1596 -0.91 34.91 28.08 9.76 0.512052 7 -11.4 3.75

+�,$-�.0/�. *21436587�9;:
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ

O2 
(mg/L)

Filtration 
(x si filtré)

143Nd/144Nd
2σ    

(x10-6)

Nombre de 
scans (si < 

à 100)
ε Nd

Filtration 
(x si filtré)

Méthode
[Nd]       

(10-12g/g)

52
68.21°N, -29.63°E 6 2.32 30.53 24.37 11.31 0.512427 11 -4.1 13.52

28/08/1999 80 -1.35 33.13 26.65 11.97 0.512478 9 -3.1 14.64
375 m 251 1.02 34.56 27.69 10.46 0.512416 10 -4.3 6.78

303 0.20 34.57 27.74 10.54 0.512524 10 -2.2 11.91
53

68.20°N, -29.63°E 183 3.31 34.52 27.47 10.15 0.512117 10 -10.2 3.62
28/08/1999 200 4.31 34.77 27.57 9.68 0.512078 14 80 -10.9 3.04

450 m
54

66.16°N, -27.52°E 5 3.81 31.40 24.94 11.02 0.512100 12 -10.5 5.98
29/08/1999 59 -1.47 33.65 27.07 11.59 0.512065 11 -11.2 14.70

500 m 120 -1.39 34.19 27.51 11.08 0.512060 12 -11.3
352 0.16 34.83 27.96 10.55 0.512091 11 -10.7 3.52
442 -0.03 34.87 28.01 10.29 0.512268 10 -7.2 2.82
479 -0.04 34.87 28.01 10.18 0.512168 16 60 -9.2 3.33

55
66.08°N, -27.25°E 11 5.71 33.45 26.36 10.47 0.512073 12 -11.0 4.04

29/08/1999 51 2.62 34.39 27.43 10.76 0.512047 19 80 -11.5 5.91
625 m 97 6.80 35.13 27.55 8.86 0.511961 12 -13.2 2.71

372 0.15 34.84 27.97 10.85 0.512188 11 -8.8
610 -0.12 34.88 28.02 10.20 0.512125 12 -10.0 2.47
610 -0.12 34.88 28.02 10.20 x 0.512211 14 60 -8.3 x 2.65

56

66.01°N, -26.98°E 10 5.16 32.52 25.70 10.79 0.512104 9 -10.4
4.33

29/08/1999 54 -0.46 33.30 26.75 12.40 0.512161 11 -9.3 4.56
560 m 120 3.58 34.40 27.35 10.40 0.512048 11 -11.5 3.02

182 6.29 35.06 27.56 9.20 0.512019 12 -12.1 2.80
302 4.45 34.91 27.66 9.27 0.512069 12 -11.1
345 -0.25 34.53 27.74 10.77 0.512242 11 -7.7 2.99

544+502 -0.51 34.90 28.05 9.99 0.512264 11 -7.3 4.12

IDENTIFICATION DONNEES HYDROLOGIQUES COMPOSITION ISOTOPIQUE DE Nd CONCENTRATION DE Nd
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Fjord Bergen
60.87°N, 4.67°E ~ 7 -  ~ 31.9 - - 0.511870 11 -15.0 Cart. 8.64

11/08/1999 ~ 7 -  ~ 31.9 - - x 0.511886 10 -14.7 x Cart. 8.94
Fjord Trodheim
63.62°N, 9.32°E ~ 7 ~ 12.4  ~ 31.9 - - 0.511993 8 -12.6 Cart. 12.51

13/08/1999 ~ 7 ~ 12.4  ~ 31.9 - - x 0.511998 11 -12.5 x Cart. 12.37
Fjord Spitzberg

67.82°N, 15.27°E ~ 7 ~ 3.7  ~ 31.9 - - 0.512058 10 -11.3 Cart. 21.95
21/08/1999 ~ 7 ~ 3.7  ~ 31.9 - - x 0.512065 10 -11.2 x 12.75

Fjord Nansen
68.21°N, -29.66°E ~ 7 ~ 2.1 ~ 30.6 - - 0.512567 11 -1.4 14.54

28/08/1999 ~ 7 ~ 2.1 ~ 30.6 - - x 0.512205 11 -8.4 x 5.74

Sédiment de 
surface, station 

43, carotte MD99-
2308Hy

2520 - - - - 0.511935 11 -13.7 26991531

Sédiment de 
surface, station 

38, carotte MD99-
2307Hy

2321 - - - - 0.512052 8 -11.4 24372887

Sable de plage 
Spitzberg

0 - - - - 0.511912 9 -14.2 4335579

ECHANTILLONS SOLIDES

+�,$-�.0/�. *21436587�9;:
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ O2 (mg/L)

Filtration (x 
si filtré)

Méthode Rendement La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ce* La/Yb

1
55.03°N, -52.14°E 21 4.81 34.43 27.25 10.62 Cart. 94% 2.13 1.55 0.59 2.48 0.53 0.12 0.67 0.10 0.77 0.20 0.69 0.10 0.58 0.09 0.32 0.27

05/07/1999
2716 m

2
58.92°N, -47.12°E 30 5.12 34.49 27.25 10.00 Cart. 98% 1.77 1.19 0.59 2.59 0.52 0.13 0.75 0.12 0.89 0.24 0.80 0.11 0.69 0.11 0.26 0.19

06/07/1999 30 5.12 34.49 27.25 10.00 x 85% 3.44 1.26 0.59 2.72 0.56 0.14 0.77 0.13 0.97 0.25 0.93 0.12 0.78 0.14 0.20 0.33
2901 m 101 4.19 34.78 27.59 9.72 Cart. 97% 1.67 1.20 0.63 2.75 0.56 0.15 0.81 0.13 0.99 0.25 0.89 0.13 0.81 0.13 0.26 0.15

600 3.52 34.84 27.71 9.43 Cart. 100% 2.12 1.09 0.63 2.73 0.54 0.14 0.77 0.13 0.93 0.25 0.84 0.11 0.70 0.10 0.22 0.22
1000 3.27 34.86 27.75 9.14 Cart. 98% 2.38 1.04 0.63 2.66 0.54 0.15 0.80 0.13 0.96 0.25 0.88 0.12 0.73 0.11 0.20 0.23
1600 2.87 34.85 27.77 9.47 Cart. 101% 1.98 1.06 0.58 2.50 0.50 0.12 0.72 0.12 0.85 0.22 0.76 0.11 0.66 0.10 0.23 0.22
1850 2.85 34.87 27.79 9.27 89% 3.45 1.22 0.58 2.61 0.53 0.13 0.73 0.13 0.94 0.25 0.90 0.12 0.80 0.14 0.20 0.32
2270 2.57 34.89 27.84 9.16 91% 3.22 0.95 0.55 2.49 0.54 0.14 0.74 0.12 0.93 0.25 0.88 0.12 0.80 0.14 0.16 0.30
2270 2.57 34.89 27.84 9.16 Cart. 98% 2.02 0.96 0.54 2.43 0.53 0.12 0.72 0.12 0.85 0.22 0.77 0.10 0.65 0.09 0.21 0.23
2550 2.10 34.89 27.87 9.26 90% 3.52 1.15 0.57 2.62 0.54 0.14 0.72 0.13 0.93 0.24 0.86 0.12 0.80 0.14 0.18 0.32
2550 2.10 34.89 27.87 9.26 Cart. 97% 2.24 1.05 0.61 2.56 0.55 0.14 0.76 0.12 0.92 0.24 0.82 0.11 0.69 0.10 0.21 0.24
2796 1.29 34.84 27.90 9.82 Cart. 93% 1.42 0.70 0.52 2.28 0.49 0.13 0.67 0.11 0.79 0.21 0.68 0.09 0.51 0.07 0.18 0.21
2876 1.21 34.84 27.90 9.86 x 91% 3.75 2.44 0.72 3.20 0.68 0.18 0.88 0.15 1.09 0.27 0.92 0.13 0.83 0.14 0.34 0.33
2876 1.21 34.84 27.90 9.86 71% 3.25 1.90 0.62 3.01 0.60 0.17 0.89 0.14 1.03 0.26 0.95 0.12 0.90 0.14 0.31 0.28

3
62.65°N, -53.90°E 16 3.85 33.61 26.70 10.87 Cart. 100% 3.16 2.98 0.82 3.42 0.60 0.15 0.84 0.14 0.97 0.25 0.85 0.12 0.71 0.10 0.43 0.33

09/07/1999 16 3.85 33.61 26.70 10.87 x 87% 8.84 11.38 1.64 6.13 0.68 0.17 1.09 0.15 1.12 0.29 1.04 0.14 0.92 0.15 0.69 0.74
2476 m 400 4.36 34.90 27.67 9.14 92% 5.67 5.19 1.01 4.01 0.53 0.13 0.76 0.13 0.97 0.25 0.91 0.12 0.79 0.13 0.50 0.54

998 3.42 34.86 27.74 9.06 x 93% 4.13 2.45 0.72 3.12 0.53 0.14 0.73 0.13 0.94 0.25 0.86 0.12 0.81 0.14 0.32 0.38
1700 2.87 34.86 27.78 9.33 92% 5.45 4.23 0.92 3.66 0.55 0.14 0.73 0.13 0.94 0.25 0.86 0.12 0.79 0.14 0.43 0.51

4
57.96°N, -57.39°E ~ 7 ~ 6 ~ 34 - - 88% 5.22 3.39 0.89 3.85 0.74 0.18 0.96 0.16 1.15 0.29 1.03 0.14 0.90 0.15 0.36 0.43

11/08/1999 ~ 7 ~ 6 ~ 34 - - x 89% 5.75 5.64 1.12 3.93 0.73 0.17 0.94 0.16 1.16 0.28 1.00 0.13 0.90 0.15 0.51 0.47
Prof. inconnue

5
55,01°N, -56.40°E ~ 7 ~ 1.5 ~ 30.6 - - x 94% 8.78 5.44 1.53 6.32 1.06 0.22 1.25 0.19 1.41 0.36 1.22 0.17 1.12 0.19 0.34 0.58

11/07/1999
Prof. inconnue

6
50.20°N, -45.68°E 26 8.65 33.92 26.33 9.75 30% 2.32 2.95 1.01 4.91 0.97 0.20 0.91 0.13 0.95 0.26 0.93 0.13 0.96 0.16 0.42 0.18

14/07/1999 1650 2.99 34.86 27.77 9.29 84% 2.65 0.96 0.54 2.50 0.51 0.13 0.69 0.12 0.90 0.23 0.83 0.11 0.78 0.14 0.19 0.25
3540 m 1650 2.99 34.86 27.77 9.29 Cart. 102% 2.67 1.17 0.66 2.84 0.58 0.14 0.81 0.13 0.95 0.26 0.86 0.12 0.74 0.11 0.20 0.27

2151 2.87 34.88 27.80 9.19 91% 3.41 1.18 0.57 2.60 0.49 0.13 0.71 0.12 0.92 0.24 0.87 0.12 0.80 0.14 0.19 0.32
2499 2.70 34.90 27.84 9.06 91% 3.56 1.43 0.61 2.64 0.50 0.13 0.72 0.13 0.94 0.26 0.90 0.12 0.82 0.15 0.22 0.32
3501 1.79 34.88 27.89 9.45 Cart. 98% 5.88 8.51 1.45 4.76 0.56 0.14 0.83 0.13 0.94 0.24 0.82 0.11 0.67 0.11 0.67 0.62

DONNEES HYDROLOGIQUESIDENTIFICATION  CONCENTRATIONS (10-12 g/g)PARAMETRES DE MESURE
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7
55.55°N, -43.97°E 2 7.80 34.60 26.99 9.64 x 64% 1.80 1.01 0.54 2.60 0.53 0.13 0.65 0.11 0.82 0.20 0.75 0.11 0.70 0.11 0.24 0.19

16/07/1999 40 6.60 34.63 27.19 9.89 Cart. 100% 2.90 2.19 0.75 3.08 0.52 0.13 0.74 0.12 0.87 0.23 0.78 0.10 0.60 0.09 0.34 0.35
3225 m 60 4.82 34.70 27.46 9.87 92% 3.69 1.61 0.63 2.80 0.51 0.13 0.70 0.11 0.93 0.23 0.86 0.11 0.78 0.13 0.24 0.36

325 3.43 34.82 27.70 9.28 Cart. 95% 1.61 1.22 0.61 2.74 0.57 0.15 0.82 0.14 0.95 0.26 0.88 0.13 0.77 0.11 0.28 0.15
476 3.42 34.84 27.72 9.14 Cart. 98% 3.09 1.20 0.69 2.94 0.58 0.15 0.85 0.14 1.00 0.26 0.91 0.12 0.73 0.11 0.19 0.30
926 3.21 34.86 27.75 9.07 94% 3.34 0.91 0.54 2.57 0.50 0.13 0.72 0.12 0.93 0.25 0.88 0.12 0.79 0.14 0.15 0.32
926 3.21 34.86 27.75 9.07 Cart. 88% 2.68 0.93 0.62 2.78 0.56 0.14 0.82 0.14 1.01 0.27 0.91 0.13 0.79 0.12 0.17 0.25

2101 2.91 34.89 27.80 9.15 Cart. 100% 2.57 1.59 0.67 2.95 0.54 0.14 0.78 0.13 0.94 0.24 0.84 0.11 0.72 0.11 0.28 0.26
2750 2.62 34.92 27.86 8.96 73% 1.66 1.48 0.58 2.71 0.54 0.14 0.66 0.11 0.77 0.20 0.76 0.11 0.76 0.14 0.34 0.16
3270 2.12 34.90 27.88 9.18 Cart. 99% 3.61 2.17 0.77 3.25 0.59 0.15 0.84 0.13 0.99 0.26 0.90 0.12 0.79 0.12 0.30 0.34

8
62.07°N, -40.19°E 31 7.71 35.03 27.34 9.56 x 68% 2.03 0.79 0.53 2.50 0.50 0.13 0.69 0.11 0.86 0.22 0.78 0.11 0.74 0.13 0.18 0.20

16/07/1999 31 7.71 35.03 27.34 9.56 87% 3.23 1.10 0.56 2.61 0.54 0.14 0.74 0.12 0.92 0.25 0.86 0.12 0.78 0.13 0.19 0.31
3225 m 201 5.90 35.02 27.59 8.84 90% 3.74 1.92 0.70 3.00 0.57 0.14 0.77 0.13 0.98 0.27 0.90 0.12 0.78 0.14 0.27 0.35

651 4.02 34.91 27.71 8.89 74% 2.44 1.68 0.65 2.94 0.58 0.15 0.71 0.12 0.91 0.23 0.82 0.11 0.83 0.14 0.31 0.22
901 3.50 34.89 27.75 8.96 91% 4.44 3.07 0.81 3.33 0.54 0.14 0.73 0.13 0.95 0.25 0.86 0.13 0.79 0.14 0.37 0.42

1258 2.68 34.86 27.80 9.34 x 87% 3.99 2.38 0.71 2.91 0.53 0.14 0.79 0.13 0.97 0.25 0.92 0.13 0.83 0.14 0.32 0.36
1258 2.68 34.86 27.80 9.34 38% 1.41 1.43 0.60 3.00 0.65 0.16 0.70 0.11 0.83 0.21 0.75 0.11 0.84 0.14 0.34 0.13

9
62.70°N, -37.59°E 25 9.33 35.01 27.07 9.68 87% 3.32 1.17 0.57 2.68 0.55 0.13 0.72 0.11 0.92 0.24 0.81 0.12 0.75 0.13 0.19 0.33

18/07/1999 25 9.33 35.01 27.07 9.68 Cart. 101% 3.00 1.21 0.64 2.75 0.53 0.14 0.78 0.13 0.92 0.24 0.83 0.12 0.71 0.10 0.20 0.31
2125 m 26 9.32 35.01 27.07 9.70 x 89% 3.25 1.30 0.56 2.57 0.51 0.13 0.68 0.12 0.89 0.24 0.79 0.11 0.76 0.13 0.22 0.32

101 6.48 35.05 27.53 8.79 Cart. 95% 2.32 0.81 0.60 2.71 0.53 0.14 0.79 0.13 0.92 0.24 0.80 0.11 0.65 0.09 0.16 0.26
205 5.60 35.00 27.60 8.88 72% 3.40 1.00 0.57 2.76 0.52 0.14 0.75 0.13 0.91 0.23 0.91 0.12 0.74 0.13 0.16 0.35
205 5.60 35.00 27.60 8.88 Cart. 101% 2.74 1.11 0.63 2.71 0.54 0.14 0.77 0.12 0.90 0.23 0.82 0.11 0.66 0.10 0.20 0.31
601 4.10 34.90 27.70 9.04 89% 3.40 1.12 0.57 2.66 0.52 0.13 0.74 0.13 0.96 0.26 0.85 0.13 0.78 0.14 0.18 0.32
601 4.10 34.90 27.70 9.04 Cart. 95% 2.75 0.97 0.69 2.80 0.57 0.15 0.83 0.13 0.97 0.25 0.88 0.11 0.69 0.10 0.16 0.28

1026 3.41 34.89 27.76 8.99 91% 3.58 1.19 0.59 2.79 0.50 0.14 0.74 0.13 0.96 0.25 0.93 0.13 0.78 0.14 0.19 0.35
1026 3.41 34.89 27.76 8.99 Cart. 91% 2.76 1.18 0.64 2.81 0.54 0.14 0.77 0.13 0.97 0.25 0.86 0.12 0.71 0.11 0.21 0.28
1519 2.88 34.85 27.78 9.47 Cart. 99% 2.99 1.38 0.69 2.83 0.56 0.14 0.83 0.13 0.96 0.26 0.85 0.12 0.67 0.10 0.22 0.32
1801 2.70 34.87 27.81 9.39 Cart. 99% 2.44 1.63 0.70 2.89 0.57 0.15 0.83 0.13 0.97 0.26 0.87 0.12 0.72 0.11 0.28 0.24
2100 1.22 34.85 27.91 9.99 84% 3.48 2.17 0.67 3.35 0.57 0.15 0.78 0.13 0.98 0.25 0.90 0.12 0.79 0.14 0.33 0.33
2100 1.22 34.85 27.91 9.99 Cart. 55% 2.24 2.53 0.69 3.03 0.59 0.16 0.81 0.13 0.92 0.23 0.77 0.10 0.59 0.08 0.46 0.28

10
61.92°N, -36.35°E 5 9.21 34.94 27.04 9.33 x 87% 3.67 1.59 0.63 2.86 0.61 0.00 0.80 0.14 1.08 0.28 0.92 0.13 0.78 0.14 0.24 0.35

19/07/1999 45 6.40 34.98 27.49 9.47 x 84% 3.34 1.47 0.63 2.70 0.52 0.13 0.74 0.13 0.96 0.25 0.86 0.12 0.76 0.13 0.23 0.32
2750 m

12
56.37°N, -27.82°E 20 11.39 35.00 26.70 8.52 Cart. 100% 2.00 1.19 0.57 2.51 0.50 0.13 0.69 0.12 0.82 0.21 0.73 0.09 0.54 0.08 0.26 0.27

22/07/1999 74 9.97 35.07 27.01 8.53 Cart. 97% 2.41 1.18 0.65 2.81 0.56 0.14 0.79 0.13 0.92 0.23 0.82 0.11 0.63 0.09 0.22 0.28
2840 m 250 6.90 34.89 27.35 7.68 88% 3.61 1.09 0.65 2.80 0.56 0.15 0.76 0.13 0.99 0.26 0.86 0.13 0.80 0.14 0.16 0.33

250 6.90 34.89 27.35 7.68 Cart. 97% 2.56 1.23 0.68 2.97 0.57 0.15 0.84 0.14 0.98 0.26 0.87 0.12 0.73 0.11 0.21 0.26
351 6.37 34.91 27.43 7.86 Cart. 100% 2.43 1.20 0.67 2.89 0.57 0.15 0.81 0.13 0.97 0.25 0.84 0.12 0.74 0.11 0.22 0.24
500 5.47 34.94 27.57 7.41 Cart. 95% 2.65 1.02 0.65 2.85 0.58 0.15 0.83 0.14 1.02 0.26 0.90 0.13 0.79 0.12 0.18 0.25
651 4.91 34.97 27.66 7.69 Cart. 99% 2.33 1.00 0.65 2.80 0.53 0.14 0.78 0.12 0.90 0.24 0.81 0.11 0.69 0.10 0.19 0.25

1101 3.65 34.90 27.74 8.68 92% 3.55 1.07 0.59 2.65 0.51 0.14 0.75 0.12 0.96 0.25 0.84 0.12 0.80 0.13 0.17 0.33
1101 3.65 34.90 27.74 8.68 Cart. 99% 2.49 0.96 0.60 2.58 0.51 0.13 0.74 0.12 0.86 0.23 0.79 0.10 0.61 0.09 0.18 0.30
1750 3.07 34.88 27.78 9.21 Cart. 98% 2.39 1.09 0.62 2.66 0.53 0.13 0.75 0.13 0.89 0.24 0.81 0.11 0.66 0.10 0.21 0.27
2020 2.98 34.94 27.84 8.91 91% 3.14 0.99 0.52 2.33 0.47 0.13 0.69 0.12 0.92 0.24 0.82 0.12 0.80 0.14 0.18 0.29
2500 2.66 34.95 27.88 8.85 Cart. 100% 2.72 2.12 0.69 2.88 0.47 0.13 0.71 0.11 0.85 0.22 0.78 0.11 0.66 0.10 0.36 0.31
2828 2.48 34.96 27.90 8.99 Cart. 99% 2.54 1.62 0.63 2.72 0.53 0.15 0.75 0.13 0.92 0.24 0.83 0.11 0.69 0.11 0.30 0.27
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ O2 (mg/L)

Filtration (x 
si filtré)

Méthode Rendement La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ce* La/Yb

13
56.80°N, -30.67°E 25 10.47 35.02 26.88 8.65 90% 3.26 1.19 0.57 2.58 0.49 0.13 0.71 0.12 0.93 0.24 0.81 0.11 0.73 0.12 0.20 0.34

22/07/1999 25 10.47 35.02 26.88 8.65 x 89% 3.33 1.30 0.56 2.45 0.46 0.12 0.67 0.11 0.85 0.22 0.76 0.10 0.64 0.11 0.22 0.38
2430 m 25 10.47 35.02 26.88 8.65 x 87% 4.15 2.91 0.72 3.09 0.54 0.15 0.79 0.13 0.97 0.26 0.96 0.13 0.85 0.15 0.38 0.37

25 10.47 35.02 26.88 8.65 95% 3.20 1.63 0.57 2.69 0.52 0.15 0.72 0.12 0.95 0.24 0.84 0.12 0.80 0.14 0.28 0.30
14

65.02°N, -30.23°E 31 9.55 35.06 27.08 9.14 87% 2.74 0.83 0.46 2.15 0.43 0.11 0.62 0.10 0.80 0.22 0.74 0.10 0.67 0.11 0.17 0.31
27/07/1999 401 6.46 35.09 27.56 8.68 83% 3.21 1.05 0.57 2.59 0.52 0.14 0.74 0.13 0.94 0.25 0.92 0.12 0.80 0.14 0.18 0.31

1875 m 549 5.63 35.02 27.61 8.53 93% 3.26 0.99 0.57 2.62 0.51 0.13 0.70 0.12 0.94 0.25 0.83 0.12 0.78 0.14 0.17 0.31
1229 3.70 34.93 27.77 8.85 90% 3.59 1.37 0.61 2.70 0.54 0.14 0.74 0.12 0.94 0.25 0.87 0.13 0.84 0.14 0.21 0.32
1802 2.91 34.88 27.80 9.35 82% 4.35 2.68 0.74 3.00 0.50 0.14 0.75 0.12 0.96 0.25 0.93 0.13 0.81 0.15 0.34 0.40
1860 2.35 34.89 27.85 9.47 93% 3.52 1.62 0.61 2.71 0.52 0.14 0.72 0.12 0.96 0.24 0.85 0.12 0.79 0.13 0.25 0.33
1860 2.35 34.89 27.85 9.47 x 90% 3.75 1.87 0.67 2.96 0.56 0.15 0.79 0.14 1.01 0.26 0.87 0.12 0.82 0.14 0.27 0.34

15
65.32°N, -30.88°E 20 8.87 35.09 27.21 9.28 74% 3.23 0.97 0.52 2.40 0.44 0.12 0.68 0.11 0.85 0.23 0.78 0.11 0.65 0.12 0.17 0.37

27/07/1999 151 7.21 35.13 27.49 8.73 88% 3.20 0.98 0.54 2.48 0.49 0.13 0.69 0.11 0.90 0.24 0.80 0.12 0.75 0.12 0.17 0.32
993 m 650 5.19 34.99 27.64 8.60 90% 4.17 2.71 0.75 3.40 0.66 0.17 0.91 0.15 1.10 0.28 0.94 0.13 0.88 0.15 0.35 0.35

750 4.49 34.94 27.68 8.77 91% 3.36 0.83 0.58 2.52 0.54 0.13 0.73 0.12 0.93 0.24 0.86 0.12 0.80 0.14 0.14 0.31
800 4.44 34.96 27.71 8.48 91% 3.32 0.98 0.57 2.57 0.52 0.14 0.75 0.13 0.99 0.27 0.89 0.12 0.82 0.15 0.16 0.30
930 2.05 34.89 27.88 9.41 87% 4.07 2.44 0.71 3.10 0.55 0.15 0.77 0.13 0.98 0.25 0.87 0.12 0.79 0.14 0.33 0.38
984 1.36 34.82 27.88 10.08 88% 3.27 1.74 0.58 2.66 0.54 0.15 0.77 0.13 0.99 0.25 0.86 0.12 0.82 0.15 0.29 0.29
984 1.36 34.82 27.88 10.08 x 90% 3.36 1.59 0.59 2.75 0.56 0.15 0.78 0.13 0.98 0.26 0.86 0.13 0.80 0.14 0.26 0.31

16
65.17°N, -30.52°E 50 9.38 35.08 27.12 9.53 84% 3.31 0.97 0.55 2.36 0.47 0.13 0.68 0.12 0.88 0.25 0.84 0.11 0.65 0.12 0.16 0.37

27/07/1999 200 7.05 35.14 27.52 9.13 82% 3.96 1.63 0.68 2.88 0.54 0.14 0.78 0.12 0.97 0.25 0.87 0.12 0.75 0.13 0.23 0.39
1500 m 1002 3.82 34.94 27.76 8.76 Cart. 92% 1.86 0.71 0.54 2.28 0.51 0.13 0.74 0.13 0.89 0.24 0.81 0.10 0.56 0.08 0.16 0.23

1299 0.92 34.77 27.86 10.40 80% 3.73 1.66 0.66 3.01 0.59 0.16 0.82 0.14 1.06 0.27 0.89 0.12 0.80 0.15 0.24 0.35
1399 0.49 34.81 27.93 10.50 82% 3.75 1.55 0.65 2.85 0.56 0.16 0.84 0.13 1.03 0.26 0.92 0.13 0.78 0.15 0.23 0.35

17
67.98°N, -21.78°E 28 4.28 34.18 27.11 10.77 x 83% 3.33 1.39 0.59 2.63 0.51 0.14 0.73 0.13 0.92 0.24 0.83 0.12 0.71 0.12 0.23 0.36

29/07/1999 199 0.01 34.82 27.96 10.87 84% 3.27 1.18 0.57 2.56 0.54 0.14 0.74 0.13 0.95 0.25 0.86 0.12 0.76 0.13 0.20 0.31
861 m 300 0.06 34.85 27.98 10.46 85% 3.17 1.11 0.54 2.47 0.50 0.14 0.73 0.13 0.94 0.25 0.85 0.12 0.75 0.13 0.19 0.31

405 -0.05 34.85 27.99 10.37 Cart. 99% 1.71 0.95 0.47 2.11 0.44 0.12 0.65 0.11 0.79 0.21 0.70 0.09 0.54 0.08 0.24 0.23
405 -0.05 34.85 27.99 10.37 82% 3.15 1.06 0.56 2.46 0.49 0.14 0.75 0.12 0.94 0.25 0.85 0.12 0.77 0.13 0.18 0.30

18
69.07°N, -7.91°E 36 3.75 34.92 27.75 10.63 85% 2.85 0.95 0.43 2.02 0.38 0.11 0.61 0.10 0.81 0.21 0.76 0.11 0.65 0.12 0.19 0.32

01/08/1999 60 2.90 34.95 27.85 10.38 83% 3.33 1.73 0.56 2.39 0.46 0.13 0.69 0.11 0.86 0.23 0.81 0.11 0.72 0.12 0.29 0.34
1020 m 100 2.23 34.92 27.89 10.51 85% 3.18 1.17 0.54 2.42 0.46 0.13 0.72 0.12 0.89 0.23 0.79 0.11 0.71 0.12 0.20 0.33

141 2.33 34.94 27.90 10.64 81% 2.77 1.16 0.51 2.30 0.48 0.13 0.72 0.13 0.95 0.24 0.89 0.12 0.80 0.13 0.22 0.26
640 -0.35 34.88 28.03 9.91 86% 3.21 1.35 0.56 2.59 0.52 0.14 0.71 0.12 0.93 0.25 0.82 0.12 0.78 0.13 0.23 0.32
989 -0.71 34.89 28.05 9.74 83% 4.08 2.41 0.70 3.10 0.60 0.17 0.82 0.15 1.02 0.27 0.91 0.13 0.81 0.14 0.33 0.37

19
69.12°N, -7.50°E 20 6.52 34.76 27.29 10.10 x 81% 3.83 2.63 0.59 2.43 0.46 0.12 0.64 0.10 0.82 0.22 0.79 0.11 0.65 0.12 0.40 0.43

01/08/1999 20 6.52 34.76 27.29 10.10 80% 2.27 0.76 0.36 1.74 0.32 0.10 0.51 0.09 0.73 0.21 0.72 0.10 0.66 0.11 0.19 0.26
2065 m 201 1.58 34.91 27.93 10.55 83% 3.11 1.37 0.52 2.43 0.51 0.14 0.73 0.12 0.97 0.24 0.90 0.12 0.78 0.14 0.25 0.29

275 0.83 34.88 27.96 10.10 83% 3.09 1.16 0.54 2.52 0.52 0.14 0.74 0.12 0.93 0.24 0.88 0.12 0.78 0.13 0.21 0.30
1500 -0.87 34.90 28.07 9.69 85% 3.19 1.19 0.55 2.53 0.50 0.14 0.73 0.12 0.91 0.24 0.84 0.12 0.80 0.14 0.20 0.30
2030 -0.97 34.90 28.07 9.68 88% 3.59 1.89 0.64 2.71 0.52 0.14 0.73 0.13 0.93 0.24 0.86 0.12 0.76 0.14 0.29 0.34

IDENTIFICATION DONNEES HYDROLOGIQUES PARAMETRES DE MESURE  CONCENTRATIONS (10-12 g/g)
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69.21°N, -6.85°E 21 6.84 34.84 27.32 10.16 61% 2.46 0.87 0.38 1.79 0.34 0.10 0.52 0.09 0.73 0.20 0.71 0.10 0.63 0.10 0.20 0.29

02/08/1999 331 0.22 34.86 27.98 10.44 84% 3.62 2.26 0.67 2.87 0.57 0.16 0.82 0.14 0.99 0.26 0.89 0.13 0.80 0.14 0.33 0.34
2502 m 1055 -0.74 34.89 28.06 9.80 83% 3.30 1.17 0.58 2.72 0.53 0.14 0.75 0.12 0.92 0.24 0.83 0.11 0.76 0.13 0.19 0.32

1932 -0.95 34.90 28.07 9.69 84% 3.33 1.31 0.60 2.61 0.56 0.15 0.75 0.13 0.95 0.25 0.87 0.12 0.78 0.14 0.21 0.31
2491 -1.02 34.90 28.07 9.63 77% 2.54 1.17 0.55 2.69 0.52 0.14 0.72 0.13 0.92 0.24 0.83 0.12 0.78 0.14 0.23 0.25
2491 -1.02 34.90 28.07 9.63 x 84% 3.84 2.47 0.68 2.83 0.51 0.13 0.68 0.11 0.87 0.22 0.81 0.12 0.76 0.13 0.35 0.39

21
66.55°N, -10.11°E 20 7.94 34.65 27.00 10.15 63% 2.85 1.18 0.46 2.13 0.45 0.13 0.63 0.11 0.81 0.22 0.75 0.10 0.65 0.11 0.24 0.32

03/08/1999 38 2.51 34.78 27.75 11.35 x 65% 4.24 2.24 0.63 2.73 0.50 0.14 0.77 0.13 0.95 0.25 0.86 0.12 0.73 0.13 0.31 0.43
1450 m 80 -0.02 34.75 27.91 11.79 55% 2.92 1.22 0.49 2.23 0.43 0.12 0.65 0.11 0.87 0.23 0.76 0.11 0.68 0.12 0.23 0.32

101 -0.26 34.75 27.92 11.74 73% 2.68 1.10 0.48 2.25 0.46 0.12 0.68 0.12 0.90 0.24 0.85 0.11 0.75 0.13 0.22 0.27
176 -0.33 34.79 27.95 11.63 64% 3.05 1.22 0.54 2.54 0.49 0.14 0.73 0.12 0.93 0.24 0.84 0.12 0.75 0.13 0.22 0.30
250 0.16 34.87 27.99 10.20 66% 3.09 1.04 0.52 2.45 0.49 0.14 0.72 0.13 0.93 0.25 0.84 0.12 0.73 0.13 0.19 0.31

1000 -0.68 34.89 28.05 9.68 Cart. 98% 2.34 1.01 0.52 2.20 0.48 0.13 0.69 0.12 0.85 0.22 0.75 0.10 0.63 0.10 0.21 0.27
1431 -0.87 34.90 28.07 9.43 66% 3.59 2.06 0.66 2.96 0.62 0.16 0.82 0.13 0.99 0.24 0.84 0.13 0.80 0.14 0.31 0.34

22
62.75°N, -9.01°E 20 10.96 35.24 26.97 9.22 69% 2.44 0.86 0.42 1.83 0.36 0.10 0.56 0.10 0.73 0.21 0.70 0.10 0.60 0.10 0.20 0.30

04/08/1999 50 9.19 35.29 27.32 9.04 66% 3.32 1.10 0.59 2.52 0.51 0.13 0.72 0.12 0.91 0.24 0.80 0.12 0.72 0.12 0.18 0.34
490 m 100 8.51 35.27 27.41 9.09 67% 3.31 1.16 0.58 2.49 0.53 0.14 0.74 0.13 0.93 0.25 0.85 0.13 0.78 0.13 0.19 0.32

200 8.18 35.26 27.45 9.03 Cart. 98% 2.68 1.02 0.58 2.55 0.50 0.13 0.75 0.12 0.88 0.23 0.78 0.10 0.64 0.09 0.19 0.31
350 7.83 35.23 27.48 8.64 65% 3.14 0.89 0.53 2.46 0.50 0.14 0.73 0.12 0.92 0.24 0.83 0.12 0.75 0.13 0.16 0.32
411 7.41 35.21 27.53 8.40 100% 1.95 0.84 0.46 2.01 0.48 0.13 0.75 0.13 0.99 0.25 0.88 0.12 0.75 0.11 0.20 0.19
483 5.71 35.13 27.70 8.82 65% 4.34 3.58 0.90 4.04 0.90 0.25 1.16 0.20 1.37 0.32 1.09 0.15 0.91 0.16 0.42 0.34

23
60.50°N, -5.00°E 51 10.13 35.34 27.20 8.92 70% 3.16 1.22 0.58 2.44 0.50 0.13 0.74 0.12 0.92 0.24 0.81 0.11 0.69 0.12 0.21 0.34

06/08/1999 99 9.20 35.33 27.35 8.93 70% 3.12 1.27 0.57 2.64 0.51 0.14 0.76 0.13 0.95 0.25 0.85 0.12 0.77 0.13 0.22 0.31
1000 m 99 9.20 35.33 27.35 8.93 Cart. 98% 1.75 0.64 0.47 2.06 0.44 0.11 0.60 0.10 0.72 0.19 0.66 0.09 0.50 0.07 0.16 0.26

280 7.72 35.24 27.50 9.16 68% 2.70 1.14 0.50 2.38 0.47 0.13 0.68 0.12 0.89 0.23 0.85 0.11 0.75 0.13 0.23 0.27
446 4.84 35.06 27.74 9.91 70% 3.41 1.94 0.64 2.94 0.60 0.17 0.87 0.14 1.06 0.28 0.96 0.14 0.85 0.15 0.30 0.30
500 2.41 34.92 27.88 10.50 85% 3.12 1.78 0.58 2.76 0.55 0.15 0.77 0.13 0.95 0.24 0.90 0.12 0.82 0.14 0.31 0.30
599 0.33 34.88 27.99 10.37 Cart. 100% 2.68 1.65 0.67 2.89 0.59 0.16 0.85 0.14 0.99 0.26 0.89 0.12 0.72 0.10 0.29 0.27
800 -0.60 34.89 28.05 10.09 70% 3.34 1.60 0.62 2.87 0.56 0.16 0.81 0.14 1.01 0.26 0.90 0.12 0.84 0.15 0.26 0.30
988 -0.77 34.90 28.06 9.97 75% 4.04 2.77 0.82 3.54 0.72 0.21 0.97 0.17 1.16 0.29 0.98 0.13 0.88 0.15 0.35 0.34

24
62.74°N, -4.00°E 20 9.76 35.01 27.00 9.83 66% 2.95 1.03 0.49 2.21 0.45 0.13 0.67 0.11 0.86 0.24 0.83 0.11 0.70 0.12 0.20 0.31

07/08/1999 100 8.14 35.26 27.45 9.14 73% 3.34 1.19 0.57 2.67 0.53 0.14 0.77 0.13 0.96 0.25 0.84 0.12 0.77 0.13 0.20 0.33
1010 m 375 1.77 34.87 27.89 10.68 Cart. 95% 1.39 1.37 0.56 2.57 0.53 0.15 0.81 0.13 0.98 0.25 0.84 0.11 0.64 0.09 0.35 0.16

450 1.02 34.87 27.94 10.50 Cart. 98% 2.58 1.38 0.57 2.44 0.52 0.14 0.78 0.13 0.94 0.24 0.81 0.11 0.63 0.10 0.26 0.29
551 0.18 34.87 27.99 10.30 73% 5.26 4.60 0.94 3.64 0.64 0.17 0.87 0.14 1.06 0.29 0.94 0.13 0.89 0.16 0.47 0.44
950 -0.53 34.89 28.04 10.02 Cart. 96% 2.46 2.23 0.67 2.89 0.63 0.17 0.87 0.14 0.93 0.22 0.74 0.10 0.56 0.08 0.40 0.31

1003 -0.54 34.89 28.04 10.00 72% 4.32 3.27 0.84 3.69 0.79 0.22 1.04 0.17 1.26 0.31 1.05 0.15 0.92 0.16 0.39 0.34
25

64.65°N, 4.18°E 21 12.23 35.04 26.57 9.36 80% 3.22 1.67 0.52 2.24 0.42 0.12 0.64 0.11 0.85 0.24 0.78 0.11 0.67 0.12 0.29 0.35
11/08/1999 101 8.11 35.27 27.47 8.86 55% 5.25 3.55 0.83 3.44 0.61 0.15 0.83 0.14 1.03 0.26 0.88 0.13 0.78 0.14 0.39 0.50

1400 m 360 3.97 34.97 27.77 9.95 70% 6.22 4.62 0.97 3.90 0.67 0.19 0.88 0.15 1.11 0.29 0.97 0.14 0.86 0.15 0.43 0.54
401 2.88 34.92 27.83 10.13 Cart. 100% 2.65 1.63 0.63 2.76 0.57 0.16 0.80 0.13 0.95 0.24 0.82 0.11 0.68 0.10 0.29 0.29
600 -0.24 34.89 28.03 10.12 Cart. 99% 1.84 1.19 0.60 2.52 0.56 0.14 0.79 0.13 0.95 0.25 0.83 0.12 0.65 0.10 0.26 0.20
800 -0.67 34.89 28.05 9.99 Cart. 98% 1.95 1.11 0.57 2.54 0.55 0.14 0.77 0.13 0.92 0.24 0.80 0.11 0.70 0.10 0.24 0.21

1385 -0.96 34.90 28.07 9.74 74% 4.04 2.78 0.78 3.29 0.66 0.19 0.89 0.15 1.07 0.28 0.93 0.14 0.83 0.15 0.36 0.36
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ O2 (mg/L)

Filtration (x 
si filtré)

Méthode Rendement La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ce* La/Yb

26
69.03°N, 7.95°E 20 10.60 35.12 26.94 9.33 Cart. 94% 1.62 0.95 0.39 1.70 0.33 0.09 0.51 0.09 0.64 0.17 0.59 0.08 0.44 0.06 0.28 0.27

14/08/1999 43 8.29 35.19 27.38 9.64 Cart. 95% 1.30 0.72 0.30 1.30 0.26 0.06 0.39 0.07 0.53 0.15 0.58 0.09 0.57 0.09 0.26 0.17
3060 m 74 7.27 35.22 27.55 9.28 80% 4.02 2.77 0.70 2.94 0.59 0.16 0.80 0.12 0.99 0.24 0.86 0.12 0.77 0.14 0.38 0.38

351 4.84 35.10 27.77 9.80 Cart. 94% 2.08 1.50 0.54 2.25 0.44 0.12 0.67 0.11 0.80 0.21 0.72 0.09 0.51 0.08 0.33 0.29
801 0.93 34.89 27.96 10.19 85% 4.39 2.29 0.75 3.16 0.64 0.18 0.92 0.15 1.12 0.28 1.00 0.14 0.88 0.15 0.29 0.36

1001 -0.21 34.88 28.02 10.07 Cart. 97% 1.16 0.97 0.50 2.32 0.49 0.13 0.74 0.12 0.89 0.23 0.76 0.09 0.58 0.08 0.28 0.15
1700 -0.82 34.90 28.07 9.75 Cart. 99% 2.06 1.04 0.60 2.49 0.55 0.15 0.79 0.13 0.96 0.25 0.88 0.12 0.70 0.11 0.21 0.21
2972 -1.01 34.90 28.08 9.79 85% 6.28 4.76 0.96 3.93 0.68 0.17 0.88 0.15 1.03 0.28 0.91 0.14 0.88 0.15 0.44 0.54

28
77.55°N, 10.60°E 6 6.89 35.07 27.49 9.72 88% 2.89 1.30 0.49 2.33 0.46 0.12 0.68 0.12 0.88 0.23 0.79 0.11 0.71 0.12 0.25 0.31

21/08/1999 25 6.87 35.07 27.49 9.83 x 87% 4.51 2.63 0.99 4.03 0.98 0.24 1.17 0.21 1.55 0.40 1.33 0.19 1.09 0.18 0.29 0.31
1075 m 504 2.09 34.98 27.95 10.12 90% 3.59 2.00 0.65 2.91 0.63 0.17 0.84 0.14 1.02 0.27 0.93 0.13 0.79 0.14 0.30 0.33

29
77.67°N, 7.69°E 2 4.86 26.61 21.05 7.36 89% 2.72 1.03 0.46 2.08 0.42 0.11 0.63 0.11 0.83 0.22 0.79 0.11 0.65 0.12 0.21 0.31

22/08/1999 2 4.86 26.61 21.05 7.36 x 89% 2.81 1.29 0.50 2.19 0.42 0.11 0.64 0.11 0.83 0.22 0.76 0.11 0.64 0.11 0.25 0.32
3320 m 2 4.86 26.61 21.05 7.36 x 90% 3.05 1.81 0.54 2.53 0.53 0.15 0.75 0.13 0.89 0.23 0.82 0.11 0.67 0.12 0.32 0.33

50 4.88 35.08 27.76 10.01 88% 3.12 1.49 0.54 2.42 0.50 0.13 0.72 0.12 0.95 0.24 0.86 0.12 0.76 0.14 0.26 0.30
50 4.88 35.08 27.76 10.01 x 74% 2.92 1.37 0.52 2.31 0.49 0.13 0.72 0.12 0.92 0.25 0.91 0.12 0.79 0.14 0.25 0.27
92 4.16 35.06 27.82 10.04 77% 2.88 1.07 0.49 2.32 0.46 0.13 0.70 0.13 0.92 0.25 0.91 0.12 0.74 0.13 0.20 0.29
248 3.40 35.03 27.87 9.98 89% 3.28 1.32 0.56 2.50 0.53 0.14 0.77 0.13 0.98 0.26 0.88 0.12 0.79 0.14 0.22 0.30
604 0.37 34.88 27.99 10.63 91% 3.16 1.33 0.57 2.44 0.54 0.15 0.78 0.13 0.98 0.26 0.90 0.12 0.76 0.14 0.23 0.30

1513 -0.85 34.90 28.07 9.75 92% 3.03 0.89 0.53 2.41 0.51 0.14 0.74 0.13 0.94 0.25 0.83 0.12 0.78 0.14 0.16 0.29
2423 -1.00 34.90 28.08 9.80 Cart. 103% 1.60 1.18 0.57 2.69 0.57 0.15 0.78 0.13 0.93 0.25 0.85 0.12 0.73 0.11 0.28 0.16
3360* -0.99 34.91 28.08 9.88 x 92% 3.33 1.52 0.61 2.62 0.47 0.13 0.70 0.11 0.88 0.24 0.81 0.12 0.77 0.14 0.24 0.32
3360* -0.99 34.91 28.08 9.88 90% 3.27 1.47 0.60 2.73 0.57 0.15 0.79 0.13 0.96 0.26 0.87 0.13 0.80 0.14 0.24 0.30

30
76.74°N, -2.33°E 5 4.60 34.68 27.47 8.90 x 85% 2.61 1.11 0.48 2.20 0.47 0.12 0.65 0.11 0.83 0.23 0.77 0.11 0.67 0.11 0.23 0.29

22/08/1999 5 4.60 34.68 27.47 8.90 85% 3.30 1.30 0.57 2.52 0.51 0.14 0.76 0.13 0.97 0.25 0.86 0.13 0.78 0.13 0.22 0.31
2560 m 21 4.56 34.72 27.50 7.51 x 75% 2.43 0.89 0.48 2.28 0.47 0.13 0.66 0.12 0.89 0.23 0.83 0.11 0.69 0.11 0.19 0.26

103 2.21 34.97 27.93 10.30 88% 3.24 1.35 0.55 2.56 0.55 0.15 0.78 0.13 0.98 0.25 0.87 0.13 0.79 0.14 0.23 0.30
505 0.00 34.89 28.02 10.64 92% 3.03 1.04 0.52 2.44 0.48 0.14 0.76 0.13 0.94 0.26 0.86 0.12 0.77 0.14 0.19 0.29

1314 -0.67 34.91 28.07 9.73 88% 3.20 0.92 0.55 2.49 0.55 0.15 0.76 0.12 0.97 0.26 0.87 0.12 0.78 0.14 0.16 0.30
2512 -1.06 34.90 28.08 9.94 x 83% 3.06 1.89 0.58 2.58 0.57 0.14 0.69 0.11 0.88 0.22 0.81 0.11 0.72 0.13 0.33 0.32
2512 -1.06 34.90 28.08 9.94 92% 3.56 1.52 0.63 2.83 0.57 0.16 0.80 0.14 1.00 0.26 0.90 0.13 0.80 0.14 0.23 0.33

32
77.03°N, -3.75°E 5 0.52 31.35 25.14 12.28 58% 4.25 2.27 0.79 3.71 0.80 0.21 1.15 0.18 1.41 0.36 1.21 0.17 1.19 0.21 0.28 0.27

23/08/1999 21 -1.25 33.24 26.74 12.23 79% 3.98 1.45 0.70 3.39 0.75 0.21 1.07 0.18 1.42 0.36 1.23 0.17 1.18 0.20 0.20 0.25
1895 m 123 3.12 34.89 27.79 9.48 55% 3.54 1.74 0.63 2.82 0.58 0.15 0.85 0.14 1.06 0.28 0.93 0.13 0.81 0.14 0.27 0.32

208 2.60 34.96 27.89 9.95 56% 3.19 1.53 0.58 2.64 0.56 0.15 0.79 0.13 1.00 0.26 0.88 0.12 0.79 0.14 0.26 0.30
208 2.60 34.96 27.89 9.95 84% 3.47 2.57 0.66 3.03 0.62 0.16 0.82 0.14 1.03 0.25 0.92 0.12 0.82 0.14 0.39 0.32
482 1.33 34.92 27.96 10.02 57% 3.02 1.24 0.55 2.49 0.51 0.16 0.80 0.13 1.01 0.26 0.90 0.14 0.82 0.14 0.22 0.27
608 0.61 34.88 27.98 9.78 53% 3.05 1.17 0.55 2.46 0.55 0.15 0.77 0.13 1.01 0.26 0.89 0.12 0.82 0.14 0.21 0.28

1423 -0.57 34.91 28.06 9.80 89% 3.20 1.61 0.57 2.64 0.54 0.15 0.77 0.13 0.94 0.25 0.85 0.12 0.81 0.14 0.27 0.30

IDENTIFICATION DONNEES HYDROLOGIQUES PARAMETRES DE MESURE  CONCENTRATIONS (10-12 g/g)
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33
77.18°N, -4.39°E 20 -0.69 33.16 26.65 13.37 57% 4.29 1.46 0.81 3.57 0.76 0.22 1.16 0.20 1.52 0.39 1.31 0.19 1.20 0.22 0.18 0.26

23/08/1999 50 -0.69 33.16 26.65 13.37 62% 4.06 1.77 0.72 3.36 0.71 0.19 1.04 0.18 1.28 0.33 1.11 0.16 1.04 0.19 0.24 0.29
1575 m 149 2.60 34.86 27.81 9.61 52% 2.62 1.67 0.58 2.71 0.56 0.15 0.77 0.13 1.02 0.26 0.86 0.13 0.82 0.13 0.31 0.24

351 2.14 34.97 27.94 10.08 59% 3.28 1.58 0.61 2.71 0.57 0.15 0.81 0.14 1.02 0.26 0.90 0.12 0.77 0.14 0.26 0.31
38

73.96°N, -13.86°E 115 2.78 35.00 27.90 10.28 57% 4.44 3.83 0.83 3.28 0.60 0.16 0.84 0.14 1.05 0.27 0.92 0.13 0.82 0.14 0.46 0.39
24/08/1999

2321 m
39

74.01°N, -14.18°E 280 2.00 34.97 27.95 10.10 x 63% 7.35 9.31 1.37 4.85 0.54 0.15 0.84 0.14 0.94 0.25 0.85 0.12 0.76 0.14 0.67 0.72
24/08/1999

1995 m
40

74.06°N, -14.48°E 290 2.02 34.97 27.95 10.04 54% 2.36 2.00 0.61 2.77 0.55 0.15 0.76 0.13 0.96 0.25 0.87 0.12 0.79 0.14 0.38 0.22
24/08/1999

1500 m
41

74.11°N, -14.70°E 293 2.08 34.97 27.94 10.19 x 59% 5.26 5.98 1.00 3.68 0.52 0.13 0.73 0.12 0.89 0.23 0.84 0.12 0.71 0.14 0.60 0.54
24/08/1999

985 m
42

72.91°N, -12.97°E 4 5.29 34.28 27.07 10.11 x 61% 6.45 6.58 1.21 4.63 0.63 0.17 0.94 0.14 1.10 0.28 0.95 0.13 0.80 0.14 0.54 0.60
25/08/1999 35 0.88 34.66 27.78 12.15 x 62% 2.94 0.99 0.55 2.38 0.51 0.13 0.68 0.10 0.83 0.22 0.79 0.11 0.62 0.10 0.18 0.36

2690 m 81 1.36 34.92 27.96 10.25 61% 3.14 1.65 0.57 2.65 0.57 0.15 0.82 0.14 1.04 0.27 0.90 0.13 0.82 0.14 0.28 0.28
707 -0.53 34.88 28.04 10.40 65% 2.95 1.00 0.53 2.36 0.51 0.13 0.76 0.13 0.96 0.25 0.91 0.13 0.78 0.13 0.18 0.28

1517 -0.80 34.91 28.07 9.71 66% 3.47 1.60 0.63 2.78 0.61 0.14 0.78 0.14 0.99 0.26 0.89 0.13 0.78 0.14 0.25 0.32
2023 -0.97 34.91 28.08 9.78 87% 2.85 0.99 0.51 2.40 0.51 0.14 0.71 0.13 0.90 0.24 0.89 0.12 0.80 0.14 0.19 0.26
2635 -1.12 34.90 28.08 10.00 x 69% 3.99 1.74 0.76 3.15 0.67 0.17 0.90 0.14 1.04 0.25 0.91 0.12 0.76 0.14 0.23 0.38

45
72.91°N, -15.85°E 5 3.70 33.33 26.48 10.58 x 79% 3.94 2.93 0.73 3.03 0.51 0.14 0.76 0.13 1.00 0.26 0.95 0.13 0.82 0.13 0.40 0.36

25/08/1999 21 5.11 34.34 27.14 10.31 83% 2.98 1.17 0.53 2.52 0.49 0.13 0.72 0.12 0.92 0.24 0.86 0.11 0.75 0.12 0.21 0.30
2000 m 36 2.45 34.68 27.68 11.32 78% 2.88 1.09 0.50 2.34 0.50 0.13 0.73 0.12 0.94 0.25 0.84 0.12 0.76 0.13 0.21 0.28

102 1.52 34.93 27.95 10.03 78% 2.87 1.23 0.50 2.44 0.51 0.14 0.76 0.13 0.94 0.25 0.87 0.12 0.78 0.13 0.23 0.28
353 0.29 34.91 28.02 10.32 77% 3.15 1.18 0.58 2.60 0.55 0.14 0.79 0.13 1.01 0.26 0.91 0.13 0.80 0.14 0.20 0.29
754 -0.46 34.89 28.04 9.98 78% 3.16 1.72 0.59 2.63 0.49 0.14 0.73 0.12 0.95 0.25 0.87 0.13 0.79 0.14 0.29 0.30

1521 -0.84 34.91 28.08 9.68 74% 3.05 2.20 0.71 3.11 0.60 0.15 0.79 0.13 0.99 0.26 0.86 0.13 0.81 0.14 0.35 0.28
1944 -1.03 34.91 28.08 9.78 x 64% 4.01 3.76 0.70 2.82 0.48 0.12 0.67 0.11 0.89 0.23 0.83 0.11 0.81 0.14 0.51 0.37

46
72.87°N, -16.18°E 25 2.39 33.81 26.99 11.97 79% 3.93 1.78 0.69 3.08 0.62 0.17 0.96 0.16 1.23 0.32 1.11 0.15 0.99 0.18 0.25 0.29

26/08/1999 50 -1.00 34.33 27.61 11.64 83% 3.63 3.58 0.71 3.22 0.66 0.17 0.96 0.16 1.19 0.30 1.04 0.15 0.93 0.16 0.51 0.29
1520 m 134 2.58 34.96 27.89 10.23 81% 3.53 2.12 0.64 2.79 0.79 0.15 0.81 0.14 1.02 0.27 0.92 0.13 0.83 0.14 0.32 0.31

221 1.92 34.96 27.94 10.27 78% 3.29 1.65 0.59 2.70 0.56 0.15 0.78 0.13 1.00 0.26 0.90 0.12 0.81 0.14 0.27 0.30
400 0.92 34.91 27.98 9.98 83% 2.89 1.01 0.53 2.42 0.51 0.14 0.76 0.13 0.98 0.25 0.90 0.13 0.81 0.14 0.19 0.26
701 0.07 34.90 28.02 10.54 78% 6.00 5.82 1.07 3.95 0.60 0.16 0.87 0.14 1.02 0.27 0.92 0.14 0.81 0.14 0.53 0.55
900 -0.46 34.89 28.04 10.05 82% 2.87 1.44 0.52 2.41 0.49 0.13 0.72 0.13 0.94 0.25 0.86 0.12 0.79 0.14 0.27 0.27
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Station (nom, 
position, date, 
profondeur)

Profondeur 
(m) θ (°C) S (PSU) σθ O2 (mg/L)

Filtration (x 
si filtré)

Méthode Rendement La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Ce* La/Yb

48
70.00°N, -17.01°E 10 5.90 34.50 27.17 10.10 x 77% 2.52 0.88 0.45 2.03 0.44 0.11 0.61 0.79 0.81 0.22 0.78 0.10 0.61 0.11 0.19 0.30

26/08/1999 98 -0.09 34.83 27.97 11.52 77% 3.02 1.17 0.52 2.40 0.51 0.14 0.75 0.13 0.95 0.25 0.88 0.12 0.78 0.14 0.21 0.28
1280 m 200 -0.34 34.83 27.99 11.40 72% 3.32 1.54 0.58 2.62 0.49 0.14 0.75 0.12 0.95 0.25 0.91 0.11 0.74 0.13 0.25 0.33

431 -0.04 34.88 28.01 10.41 80% 2.97 1.10 0.53 2.38 0.49 0.14 0.74 0.12 0.94 0.25 0.88 0.12 0.78 0.14 0.20 0.28
698 -0.42 34.89 28.04 10.09 84% 2.94 1.13 0.53 2.39 0.50 0.14 0.76 0.13 0.93 0.25 0.85 0.12 0.77 0.13 0.21 0.28

1001 -0.65 34.90 28.06 9.88 69% 2.65 0.98 0.49 2.37 0.53 0.14 0.71 0.14 0.92 0.23 0.89 0.12 0.83 0.14 0.20 0.24
1232 -0.70 34.90 28.06 9.84 x 80% 3.58 2.45 0.66 2.69 0.52 0.13 0.72 0.12 0.90 0.24 0.84 0.12 0.76 0.14 0.37 0.35

50
70.00°N, -18.00°E 10 5.76 33.26 26.21 10.17 77% 3.39 1.27 0.60 2.69 0.56 0.15 0.81 0.14 1.04 0.26 0.89 0.13 0.81 0.14 0.20 0.31

27/08/1999 101 0.62 34.71 27.84 10.71 79% 2.98 1.22 0.52 2.55 0.51 0.15 0.76 0.13 0.97 0.25 0.88 0.12 0.80 0.14 0.22 0.28
1655 m 174 0.76 34.83 27.93 10.52 72% 2.89 1.09 0.51 2.46 0.54 0.13 0.72 0.87 0.89 0.24 0.88 0.13 0.74 0.13 0.21 0.29

404 0.15 34.90 28.01 10.39 82% 3.04 1.27 0.54 2.43 0.50 0.14 0.75 0.13 0.96 0.26 0.88 0.12 0.81 0.15 0.23 0.28
573 -0.35 34.89 28.04 10.21 68% 2.98 0.92 0.50 2.41 0.52 0.13 0.74 0.96 0.98 0.25 0.93 0.11 0.79 0.14 0.17 0.27

1007 -0.67 34.90 28.06 9.89 83% 3.08 1.28 0.54 2.49 0.52 0.15 0.74 0.12 1.00 0.26 0.89 0.13 0.83 0.15 0.23 0.28
1596 -0.91 34.91 28.08 9.76 82% 4.65 4.34 0.93 3.75 0.88 0.20 0.99 0.15 1.11 0.28 0.94 0.13 0.86 0.16 0.48 0.40

52
68.21°N, -29.63°E 6 2.32 30.53 24.37 11.31 81% 13.28 17.76 3.14 13.52 2.87 0.81 3.40 0.53 3.48 0.78 2.42 0.32 2.11 0.34 0.63 0.46

28/08/1999 80 -1.35 33.13 26.65 11.97 84% 13.96 21.29 3.37 14.64 3.03 0.87 3.42 0.54 3.48 0.75 2.36 0.32 2.01 0.34 0.72 0.52
375 m 251 1.02 34.56 27.69 10.46 58% 6.00 7.81 1.43 6.78 1.58 0.41 1.79 1.80 1.84 0.43 1.39 0.18 1.14 0.18 0.61 0.39

303 0.20 34.57 27.74 10.54 83% 10.03 17.30 2.69 11.91 2.71 0.78 3.01 0.46 2.97 0.63 1.88 0.26 1.60 0.26 0.77 0.46
53

68.20°N, -29.63°E 183 3.31 34.52 27.47 10.15 76% 4.26 2.56 0.80 3.62 0.79 0.19 1.00 1.18 1.20 0.31 1.07 0.15 0.91 0.16 0.32 0.35
28/08/1999 200 4.31 34.77 27.57 9.68 79% 3.72 1.67 0.69 3.04 0.66 0.17 0.91 0.15 1.14 0.30 0.99 0.14 0.87 0.17 0.24 0.31

450 m
54

66.16°N, -27.52°E 5 3.81 31.40 24.94 11.02 67% 4.94 4.12 1.26 5.98 1.24 0.34 1.59 0.26 1.87 0.45 1.57 0.22 1.53 0.26 0.38 0.24
29/08/1999 59 -1.47 33.65 27.07 11.59 73% 25.72 34.78 4.71 14.70 0.81 0.22 1.61 1.40 1.43 0.35 1.24 0.17 1.08 0.19 0.72 1.76

500 m 352 0.16 34.83 27.96 10.55 82% 4.27 4.44 0.84 3.52 0.73 0.19 0.96 0.15 1.15 0.29 0.97 0.14 0.86 0.16 0.54 0.37
442 -0.03 34.87 28.01 10.29 73% 3.23 1.84 0.61 2.82 0.59 0.16 0.80 0.15 1.00 0.25 0.91 0.12 0.79 0.14 0.30 0.30
479 -0.04 34.87 28.01 10.18 80% 4.08 3.16 0.77 3.33 0.63 0.17 0.87 0.15 1.09 0.27 0.94 0.13 0.84 0.15 0.41 0.36

55
66.08°N, -27.25°E 11 5.71 33.45 26.36 10.47 74% 4.14 2.41 0.88 4.04 0.84 0.22 1.14 0.19 1.36 0.35 1.17 0.17 1.09 0.18 0.29 0.28

29/08/1999 51 2.62 34.39 27.43 10.76 70% 10.38 8.78 1.74 5.91 0.66 0.18 1.00 1.13 1.16 0.30 1.04 0.14 0.90 0.15 0.47 0.83
625 m 97 6.80 35.13 27.55 8.86 70% 3.50 1.31 0.61 2.71 0.62 0.15 0.79 0.97 0.99 0.25 0.91 0.12 0.78 0.13 0.20 0.33

550 -0.12 34.88 28.02 10.24 60% 2.96 1.07 0.53 2.38 0.54 0.15 0.71 0.94 0.96 0.25 0.89 0.11 0.79 0.13 0.20 0.28
610 -0.12 34.88 28.02 10.20 67% 2.96 1.15 0.53 2.47 0.51 0.14 0.72 0.13 0.93 0.24 0.85 0.11 0.75 0.13 0.21 0.29

56
66.01°N, -26.98°E 10 5.16 32.52 25.70 10.79 70% 4.00 2.74 0.95 4.33 0.90 0.25 1.25 0.20 1.50 0.38 1.26 0.17 1.21 0.20 0.32 0.24

29/08/1999 54 -0.46 33.30 26.75 12.40 67% 5.34 3.00 1.01 4.56 0.95 0.24 1.32 1.63 1.66 0.42 1.42 0.20 1.22 0.22 0.30 0.32
560 m 120 3.58 34.40 27.35 10.40 43% 1.37 1.02 0.59 3.02 0.70 0.17 0.82 0.13 1.02 0.25 0.89 0.13 0.92 0.15 0.25 0.11

182 6.29 35.06 27.56 9.20 72% 3.47 1.38 0.60 2.80 0.56 0.14 0.80 0.97 0.99 0.26 0.89 0.12 0.78 0.13 0.22 0.33
302 4.45 34.91 27.66 9.27 73% 3.53 1.61 0.62 2.88 0.63 0.16 0.85 1.03 1.05 0.27 0.98 0.13 0.88 0.14 0.25 0.30
345 -0.25 34.53 27.74 10.77 34% 1.31 1.02 0.57 2.99 0.76 0.18 0.83 0.14 1.00 0.25 0.90 0.14 0.93 0.17 0.26 0.10

544+502 (523) -0.51 34.90 28.05 9.99 67% 4.55 4.13 0.93 4.12 0.91 0.22 1.06 1.18 1.21 0.30 1.00 0.14 0.89 0.15 0.46 0.38

IDENTIFICATION DONNEES HYDROLOGIQUES PARAMETRES DE MESURE  CONCENTRATIONS (10-12 g/g)

+�,$-
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61.99°N, -23.97°E 21 11.48 35.12 26.78 8.52 70% 3.08 3.13 0.74 3.32 0.67 0.16 0.82 0.14 0.96 0.23 0.81 0.12 0.65 0.12 0.48 0.36

29/08/1999 403 8.00 35.23 27.46 8.61 67% 3.25 1.03 0.59 2.63 0.51 0.14 0.75 0.90 0.97 0.24 0.91 0.12 0.78 0.13 0.17 0.30
1500 m 1475 3.39 34.99 27.84 9.25 x 57% 3.38 1.72 0.58 2.57 0.46 0.12 0.72 0.14 0.92 0.24 0.88 0.12 0.77 0.13 0.28 0.33

Fjord Trodheim
63.62°N, 9.32°E ~ 7 ~ 12.4  ~ 31.9 - - 104% 6.81 11.99 3.01 12.51 2.41 0.51 2.74 0.43 2.79 0.65 2.07 0.29 1.79 0.27 0.58 0.28

13/8/99 ~ 7 ~ 12.4  ~ 31.9 - - x 99% 7.39 11.94 2.98 12.37 2.40 0.49 2.74 0.43 2.70 0.63 2.05 0.28 1.76 0.26 0.57 0.31
Fjord Bergen

60.87°N, 4.67°E ~ 7 -  ~ 31.9 - - 98% 12.25 11.96 2.59 8.64 1.42 0.28 1.66 0.25 1.60 0.39 1.29 0.18 1.12 0.17 0.49 0.81
11/8/99 ~ 7 -  ~ 31.9 - - x 98% 11.37 12.40 2.53 8.94 1.45 0.28 1.70 0.25 1.61 0.39 1.27 0.18 1.12 0.17 0.53 0.75

Fjord Spitzberg
67.82°N, 15.27°E ~ 7 ~ 3.7  ~ 31.9 - - 96% 13.51 25.26 4.58 21.95 5.68 1.49 6.92 1.00 5.59 1.08 2.88 0.32 1.69 0.23 0.73 0.58

21/8/99 ~ 7 ~ 3.7  ~ 31.9 - - x 99% 6.02 9.31 2.17 10.64 2.65 0.74 3.64 0.55 3.26 0.68 1.83 0.21 1.08 0.15 0.58 0.40
~ 7 ~ 3.7  ~ 31.9 - - x 83% 9.74 11.46 2.50 12.75 3.07 0.84 4.06 0.61 3.88 0.82 2.37 0.29 1.58 0.26 0.53 0.46

Fjord Nansen
68.21°N, -29.66°E ~ 7 ~ 2.1 ~ 30.6 - - 97% 12.31 19.11 3.21 14.54 3.35 0.90 3.99 0.61 3.76 0.82 2.41 0.33 2.16 0.34 0.70 0.43

28/8/99 ~ 7 ~ 2.1 ~ 30.6 - - 92% 13.01 20.37 3.42 15.61 3.51 0.95 4.14 0.63 3.90 0.84 2.52 0.35 2.26 0.35 0.70 0.43
~ 7 ~ 2.1 ~ 30.6 - - x 79% 6.98 5.82 1.29 5.74 1.17 0.33 1.60 0.26 1.93 0.47 1.59 0.24 1.50 0.26 0.44 0.35

Sédiment de 
surface, station 43, 

carotte MD99-
2308Hy

2520 - - - - 98% 30.59 64.79 7.29 26.99 5.03 1.11 4.50 0.64 3.52 0.70 2.07 0.30 1.97 0.29 1.00 1.14

Sédiment de 
surface, station 38, 

carotte MD99-
2307Hy

2321 - - - - 98% 25.04 54.26 6.30 24.37 4.54 1.04 3.93 0.58 3.22 0.63 1.90 0.27 1.85 0.26 1.00 1.02

Sable de plage 
Spitzberg

0 - - - - 99% 3.14 8.16 1.11 4.34 1.00 0.25 0.97 0.18 1.15 0.25 0.86 0.13 0.87 0.13 0.99 0.26

ECHANTILLONS SOLIDES (concentrations en 10-6 g/g)

+�,$-�.0/�. )1436587�9;:
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Tracing Papua New Guinea imprint on the central Equatorial

Paci¢c Ocean using neodymium isotopic compositions and

Rare Earth Element patterns

F. Lacan, C. Jeandel *

LEGOS (CNRS/CNES/UPS), Observatoire Midi-Pyrënëes, 14, Ave E. Belin, F-31400 Toulouse, France
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Abstract

The Nd isotopic composition (IC) and Rare Earth patterns of hydrodynamic structures of the Equatorial Pacific

Ocean were characterized along 140³W. The Nd IC of Antarctic Intermediate Water (AAIW) and of the lower layer of

the Equatorial Undercurrent (EUC) at 140³W (13³C Water) are much more radiogenic at the equator than at their

origin in the South Equatorial Current (12³S), revealing that these water masses have been in contact with the highly

radiogenic Papua New Guinea (PNG) slope. In both cases, only a small fraction (less than 9%) of the sediment

deposited on the PNG slope is required to be exchanged or dissolved to explain these Nd IC variations, whereas the

hydrographic properties of the same water masses remain unchanged. This confirms the usefulness of this tracer to

identify pathways of water masses. These results emphasize the importance of jets in transporting lithogenic material

into the subsurface layers of remote areas, where aeolian inputs are particularly weak and corroborate the previous

results on Fe and Al maximum in this area [M.L. Wells, G.K. Vallis, E.A. Silver, Nature 398 (1999) 601^604]. The Nd

IC of the upper layer of the EUC contrasts strongly to that of the subpycnocline layer, indicating that the equatorial

upwelling only affects the surface waters and is not effective between 120 and 150 m. We calculate that the Nd imprint

of the PNG input is likely to vanish from this surface layer as it traverses the basin, due to the replacement of upwelled

waters by non-radiogenic ones. ß 2001 Elsevier Science B.V. All rights reserved.

Keywords: neodymium isotopic composition; Rare Earth patterns; seawater pathways; oceanic tracers; Papua New Guinea

1. Introduction

Since the eighties, the neodymium isotopic

composition (Nd IC) of seawater has been recog-

nized as a tracer in marine geochemistry. The Nd

IC corresponds to the 143Nd/144Nd ratio. It is ex-

pressed as ONd which is the deviation of this ratio

from its average value in the earth:

ONd �

143Nd
144Nd

� �

measured

143Nd
144Nd

� �

CHUR

31

0

B

B

B

@

1

C

C

C

A

U104

The present-day 143Nd/144Nd ratio in the

CHUR (Chondritic Uniform Reservoir) taken as

reference is 0.512638 [2]. In the ocean, dissolved
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ONd values allow the pathways and mixing of

water masses on the oceanic basin scale to be

traced [3^7]. In contrast to many circulation trac-

ers, the seawater Nd IC is not a¡ected by evapo-

ration or any subtraction processes: the ONd of

any given water mass will only be modi¢ed

when it receives an input of Nd with a di¡erent

isotopic signal. Therefore, modi¢cation of the iso-

topic signature of a water body implies mixing

with other water bodies and/or contact and ex-

change with continental inputs [7^9]. The Nd IC

is also a powerful tracer of the sources and fates

of marine particles : as Nd is a lithogenic element,

it is brought to the sea by continental inputs. The

distribution of ONd in the solid earth is heteroge-

neous, varying from 336 for old granitic cratons

to more than +10 for recent Mid Ocean Ridge

Basalts (see the compilation in the data bank

www.earthref.org). Therefore, pathways of par-

ticles between their sampling location and their

source can be reconstructed and transformation

processes through the water column can also be

studied using ONd ([10,11] and references therein,

[12,13]).

In addition to its isotopic properties, Nd be-

longs to the geochemical group of the Rare Earth

Elements (REE). In the ocean, the dissolved REE

distribution is determined by the competition be-

tween soluble carbonate^REE(III)� complexes

and the removal of REE(III)� by particle scav-

enging [14]. This competition causes fractionation

between light and heavy REE (LREE and

HREE). Moreover, cerium, which is oxidized to

insoluble Ce(IV)�, is removed more e¡ectively

than its REE neighbors. These fractionations are

represented by the REE pattern, that is all the

REE concentrations measured in a sample nor-

malized using the REE data of a reference mate-

rial. This is a useful tool to identify which marine

process could have modi¢ed the distribution of

the REE in seawater (adsorption, desorption, re-

dox processT, [14^16] and references therein). The

simultaneous use of both the Nd IC and REE

patterns is a fruitful approach for analyzing the

dissolved/particulate exchanges and pathways of

particles in seawater [13,17].

Despite the interest for this tracer, ONd seawater

data are scarce, especially in the Paci¢c Ocean

[5,18]. This is one of the reasons that the oceanic

balance of Nd is not completely understood: the

exact way in which water masses change their Nd

IC is still unclear, although exchanges with par-

ticulate material at the ocean margins and along

the coasts are suspected to be likely candidates

[7,8].

Coale et al. [46] reported Fe and Al maximum

at the equator at 140³W in the Paci¢c Equatorial

Undercurrent (EUC), between 100 and 250 m. As

aeolian inputs are low in this area [19], Coale et

al. [46] deduced that the iron found in the surface

waters is supplied from the enriched subsurface

layer by the equatorial upwelling. This input of

iron could control the primary production in this

region. These authors suggested that this iron

may originate from the Papua New Guinea

(PNG) shelf (or upper slope), and be advected

within the EUC. Wells et al. [1] speculate that

past variations in the tectonic activity of PNG

(mostly during the late Miocene) could have in-

duced variations of iron inputs into the EUC

source waters and subsequently caused variations

in the Central Equatorial Paci¢c primary produc-

tion. It is therefore important to assess clearly the

origin of the iron enrichment of the subsurface

waters. The Nd isotopic signature of the PNG

slope (ONd =+7, [20]) is much more radiogenic

(high ONd) than the surrounding waters

(396 ONd 6 0; [5]). Therefore, we expect that

the Nd IC of the uppermost 1000 m in the Central

Equatorial Paci¢c could help test whether the

lithogenic enrichments measured by Coale et al.

[46] indeed originate on the PNG.

2. Hydrological context and sampling

Within the framework of the EqPac cruise

(R.V. Thomson, November 1992), 17 samples

were collected at three stations, between the sur-

face and 850 m depth, along a north^south trans-

ect (2³N to 12³S) around 140³W. Conductivity,

temperature, depth (CTD) measurements were

also carried out at those stations, as well as at

intermediate stations.

The major features of the circulation of the sur-

face Central Paci¢c Ocean are (i) two large anti-

F. Lacan, C. Jeandel / Earth and Planetary Science Letters 5779 (2001) 1^162
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cyclonic gyres with axes along 20³N and 20³S and

(ii) the equatorial current system (Fig. 1a). The

northern limb of the southern anticyclonic gyre

£ows westwards and forms the South Equatorial

Current (SEC), that extends from 5³N to 20³S at

the surface. Below 100 m, the current shifts to the

south and is found between 6³S and 25³S pene-

trating to depths greater than 1000 m [21] (Fig.

1b).

Along the equator, underneath the SEC, the

EUC £ows eastwards. This current originates

north of PNG at V200 m depth and rises gently

along its 14 000 km pathway across the basin. It is

located between 2³N and 2³S, is V200 m thick,

and has a mean speed of 0.4 m s31 with a max-

imum around 1 m s31 ([22,23] and compilation of

current meter and ADCP (Acoustic Doppler Cur-

rent Pro¢les) data from the TAO (Tropical At-

mosphere Ocean) moorings (PMEL, US; JAM-

STEC, Japan; IRD, France); Gourdeau,

personal communication, 2000. It is mainly

formed out of four undercurrents merging o¡

the PNG coast (Fig. 1c). Three of them are coast-

al currents entraining waters of southern origin:

the New Guinea Coastal Undercurrent (NGCU),

the Saint Georges Undercurrent (SGU) and the

New Ireland Coastal Undercurrent (NICU). The

fourth one entrains waters of northern origin

[24,25]. A strong pycnocline divides the EUC

into two main layers: at 140³W, the upper one

lies between 50 and 150 m and the lower one

between 150 and 250 m. The upper layer includes

the core of maximum velocity for the EUC. This

layer contains Tropical Water originating from

the high salinity cell centered around the tropic

of Capricorn between 170³W and 120³W, where

convective sinking of surface water takes place

(Fig. 1a). This Tropical Water is entrained west-

wards in the SEC and then brought to the EUC

by the coastal undercurrents described above. A

large fraction of this water may be lost to the

surface circulation as it £ows eastwards [24].

The water that forms the subpycnocline layer of

the EUC is described by Tsuchiya [26] as the

Equatorial 13³C Water. Originating from the Tas-

man Sea, it £ows eastwards to reach the southern

limb of the south subtropical gyre, then it follows

the course of this gyre, joining the SEC that

brings it to the Coral Sea. Finally, it £ows north-

wards to the Solomon Sea and enters the Bis-

marck Sea through the Vitiaz Strait in the

NGCU from which it feeds the EUC [26] (Fig.

1a,c).

Underneath the EUC, the Equatorial Inter-

mediate Current (EIC) £ows westwards between

V3³N and V2³S [22] and from about 300 to

more than 500 m depth (Fig. 1b). Underneath

the EIC the £ow direction is eastwards again.

The boundary between this eastwards £ow and

the EIC is uncertain but situated between 500

and 800 m depth [21]. On both sides of the EIC

there are eastwards £ows, the North and South

Subsurface Countercurrents (NSCC and SSCC),

about 5³ wide each (Fig. 1b).

The intermediate water mass found at 135³W

between 10³S and 6.5³N is described by Tsuchiya

and Talley [34] as the Antarctic Intermediate

Water (AAIW) of the `equatorial type'. These au-

thors suggest that it originates from the AAIW of

the `subtropical type' found between 33³S and

17³S. Following these authors, the AAIW of the

subtropical type would be carried to the west by

the SEC and then northwards to the equatorial

zone by the western boundary undercurrents in

the PNG region. Equatorial £ows would then

spread the water mass into the interior of the

equatorial region. The region between 17³S and

10³S is an AAIW transition zone.

The samples collected during the EqPac cruise

allow us to document some of these hydrographic

structures along 140³W (Fig. 1b and Table 1 for

hydrographical characteristics). At 12³S we have

sampled at 120 and 150 m the tongue of Tropical

Water formed by convective sinking (S=36.5 and

36.4, respectively). At 200 m the sample is located

around the path of the 13³C Equatorial Water. At

835 m, we have sampled in the transition zone for

AAIW, adjacent to the equatorial type AAIW. At

0³, there are two samples in the core of the EUC:

120 and 150 m, one sample in the core of the

EIC: 350 m, one in the bottom end of the EIC:

545 m and one sample of AAIW of the equatorial

type at 835 m. The 2³N station is located at the

northern limit of the equatorial upwelling. We

collected a sample at 15 m in the SEC, a sample

around the northern boundary of the EUC at 155

F. Lacan, C. Jeandel / Earth and Planetary Science Letters 5779 (2001) 1^16 3
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Fig. 1. (a) Map of the Central Paci¢c. The main structures of the surface circulation are represented by black arrows, the shaded

area schematizes the high salinity cell where the Tropical Water is formed. The gray plane represents the 140³W section where

the three Nd stations are shown by vertical lines. (b) Details of the 140³W section, modi¢ed from a 170³W section from Tomc-

zak and Godfrey [47]. The three stations are represented by the vertical black lines, on which the sample locations are shown by

horizontal segments. The main zonal currents are schematized. Un¢lled and gray tint areas are westward £ows: the SEC, the

North Equatorial Current (NEC), and the EIC. Striped areas are eastwards £ows: the South Equatorial Counter Current

(SECC), the North Equatorial Counter Current (NECC), the Southern Subsurface Counter Current (SSCC), the Northern Sub-

surface Counter Current (NSCC) and the EUC. Note that the bottom extensions of the SSCC, NSCC and EIC are not well de-

¢ned in the literature (this is represented by a dotted line). (c) Zoom on the PNG region showing in detail the currents that

form the EUC: The NGCU, the SGU, the NICU and the SSCC. (d) ONd pro¢les at the three stations.

F. Lacan, C. Jeandel / Earth and Planetary Science Letters 5779 (2001) 1^164
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m, a sample in the EIC at 350 m and a sample of

AAIW of the equatorial type at 835 m.

3. Analytical procedures

3.1. Nd IC

The analytical procedure used to purify Nd

from the seawater comprises three steps. First,

10 l of seawater were preconcentrated using C18

cartridges loaded with a REE complexant

(HDEHP/H2MEHP). The REE were subse-

quently eluted with 6 N HCl, which e¤ciently

separated them from most seawater ions. This

procedure is described in detail by Jeandel et al.

[7]. Second, this solution is dried and dissolved in

2.5 N HCl for the separation of the REE from the

remaining ions (traces of Ca, Sr, Ba, MgT). This

second extraction was a chromatography using a

cationic resin [27]. The REE were eluted with 9 ml

of 6 N HCl. This solution was dried and dissolved

again in 0.3 N HCl for the ¢nal extraction of Nd.

This last step is based on a reversed phase chro-

matography (anionic exchange; [6,28]).

Mass spectrometric analyses were carried out

on a Finnigan MAT 261 mass spectrometer (static

mode). Sample size for mass spectrometric analy-

sis was typically 6^30 ng and Nd was analyzed as

Nd�. The 146Nd/144Nd ratio of 0.7219 is used to

correct the mass fractionation. An international

standard (La Jolla, 143Nd/144Nd=0.511850þ

20U1036 ; Lugmair, personal communication,

2001) was analyzed daily (n=24) to monitor in-

strumental drift. The averaged result was within

the certi¢ed range of the La Jolla value, so that

no instrumental bias had to be taken into ac-

count. The standard deviation of this average is

11U1036 (2c), that is 0.2 ONd unit: this external

precision was applied to all the results having a

better counting statistic.

Blank values range between 120 and 300 pg,

that is 2^5% of the signal. Our limited sampling

did not allow us to split or duplicate any sample

analyzed in this work: concentrations were too

low and only one sample per depth was collected.

Table 1

Nd ICs, Ce anomalies and hydrological properties of the samples analyzed in this work

Station location Depth a Salinity ca Ce/Ce* 143Nd/144Nda ONd

(m) (³C)

2³N^140³W 15 26.246 34.582 22.643 0.51þ 0.06 0.512484þ 11 33.0þ 0.2

40 26.239 34.582 22.645 0.36þ 0.06 ^ ^

110 22.817 34.730 23.783 0.37þ 0.07 ^ ^

155 13.978 34.910 26.123 0.17þ 0.02 0.512516þ 11 32.3þ 0.2

350 11.011 34.776 26.599 0.32þ 0.03 0.512455þ 11 33.5þ 0.2

835 5.401 34.548 27.270 0.23þ 0.03 0.512463þ 17 33.4þ 0.3

0³^140³W 40 24.598 34.954 23.430 0.34þ 0.06 0.512511þ 13 32.4þ 0.3

120 19.674 35.134 24.950 0.33þ 0.05 0.512343þ 13 35.7þ 0.3

150 17.236 35.174 25.593 0.26þ 0.04 0.512556þ 66 31.6þ 1.2

350 10.847 34.783 26.635 0.21þ 0.03 0.512471þ 11 33.2þ 0.2

545 7.823 34.620 27.002 0.54þ 0.05 0.512437þ 20 33.9þ 0.4

835 4.341 34.549 27.278 0.22þ 0.02 0.512530þ 15 32.1þ 0.3

12³S^135³W 20 27.270 35.922 23.328 0.70þ 0.07 0.512371þ 11 35.2þ 0.2

60 26.666 36.212 23.739 0.44þ 0.06 ^ ^

75þ 15 26.269 36.345 23.966 ^ 0.512450þ 11 33.6þ 0.2

90 25.937 36.455 24.153 0.41þ 0.08 ^ ^

120 24.949 36.490 24.485 0.60þ 0.07 ^ ^

135þ 15 24.124 36.467 24.717 ^ 0.512300þ 11 36.6þ 0.2

150 23.489 36.399 24.854 0.85þ 0.10 ^ ^

200 21.352 36.080 25.221 0.37þ 0.06 0.512417þ 66 34.3þ 1.2

835 5.180 34.523 27.276 0.59þ 0.05 0.512224þ 16 38.0þ 0.3

^: not measured.
aAbsolute errors of 143Nd/144Nd have to be multiplied by 1036.
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However, the procedure used here is exactly the

same as the Jeandel et al. [7] procedure. We there-

fore expect a similar reproducibility, which is

within the 2c error of the counting statistics.

3.2. REE concentrations

REE concentrations were measured on a Perkin

Elmer Elan 6000 Inductively Coupled Plasma

Mass Spectrometer (ICP-MS), following the pro-

cedure established in our laboratory [17], which

coupled an internal standard and an isotopic di-

lution analysis. First, REE concentrations were

evaluated by comparing the machine responses

for the sample and a standard solution. Then,

isotopic dilution was applied to Nd and Yb

only. This last method is independent of the ana-

lytical recovery. Comparison of the results ob-

tained for Nd and Yb concentrations by both

methods allows us to estimate the experiment re-

covery of these two elements in each sample

(range of values: 77^100% and 87^100% for Nd

and Yb, respectively). E¤ciencies of the protocol

for the other REE are calculated by linear inter-

polation; ¢nally, their concentrations measured

by the internal standard method were corrected.

The weight of the samples was approximately

known, inducing an uncertainty of about 20%

on absolute concentration values. Nevertheless,

this has no e¡ect on the LREE/HREE ratio with-

in a given sample, nor its Ce anomaly. Absolute

values used in the discussion are from Zhang and

Nozaki [15].

REE were extracted from seawater by iron ox-

ide co-precipitation. A 0.5 l aliquot, ¢rst acidi¢ed

to pH 2, was spiked with 150Nd (97.84%) and
172Yb (94.9%). Then 1 ml of 1 N HNO3 contain-

ing 0.5% Fe was added. After equilibration, the

pH was increased to 7^8 by addition of NH4OH,

and co-precipitation took place. The REE^Fe

precipitate was extracted by successive centrifuga-

tions. It was redissolved in 1 ml of 6 N HCl and

loaded on an anion exchange column to remove

Fe (0.8 cm in diameter, 4 cm in length, containing

2 ml Bio-Rad AG1U8 resin). REE were eluted

with 9 ml of 6 N HCl. This solution was evapo-

rated and the residue was redissolved in 9 ml of

0.3 N HNO3 for ICP-MS measurement.

Concentrations were reproducible within 0.9%

for LREE and 4% for HREE, the worse repro-

ducibility corresponding to the smallest samples.

Blank values were smaller than 40 pg for abun-

dant LREE and 3 pg for HREE.

4. Results

4.1. Nd IC

The seawater Nd IC are reported in Table 1.

Vertical pro¢les of ONd are plotted on Fig. 1d.

4.1.1. 2³N^140³W

Vertical variations of ONd values are quite small.

ONd values range from 33.5 to 32.3. The mean

value is 33.1 þ 0.5. The AAIW sample (835 m)

has a value of 33.4.

4.1.2. 0³^140³W

ONd variations are much larger, ONd values range

from 35.7 to 31.6. The mean value is 33.2 þ 1.5.

There is a very important di¡erence (3.9 ONd

units) between the two samples of the EUC,

only 30 m apart (120 and 150 m), but situated

in two distinct layers of the undercurrent. The

deeper one (150 m) has an isotopic value compa-

rable to that observed for the same depth at 2³N.

Measurements in the EIC gave values of 33.2 and

33.9, in the same range as that observed at 2³N

for this current (ONd =33.5). The intermediate

water sample at 835 m is relatively radiogenic,

with a value of 32.1.

4.1.3. 12³S^135³W

vertical variations of ONd values are also signi¢-

cant, especially within the ¢rst 200 m. ONd values

are between 38.0 and 33.6. The average value is

35.5þ 1.8, this is the least radiogenic station ob-

served in this work. Because of the insu¤cient

amount of Nd in some samples, we had to mix

some of them to make one out of two. The 60 m

and 90 m samples were mixed as well as the 120 m

and 150 m ones, producing data at 75þ 15 m and

135þ 15 m, respectively. At 135 m, in the tongue

of Tropical Water, ONd is 36.6, whereas it is 34.3

at 200 m in the path of the Equatorial 13³C
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Water. The AAIW shows a value of 38.0, con-

siderably less radiogenic than the intermediate

waters of the two northernmost stations.

4.2. REE concentrations

REE patterns are shown in Fig. 2. Measured

concentrations have been normalized to the aver-

Fig. 2. Shale normalized REE concentrations of seawater samples collected during the EqPac cruise in November 1992. Due to

the uncertainty a¡ecting absolute concentrations of each sample (see the text), the shapes of the REE patterns are mostly used in

this work.

F. Lacan, C. Jeandel / Earth and Planetary Science Letters 5779 (2001) 1^16 7
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age REE concentrations of North American,

European and Russian shales ([16] and references

therein). Patterns have marine properties, i.e. a

negative cerium anomaly and a LREE/HREE

fractionation. These characteristics re£ect the par-

ticle activity and/or the aging during water mass

transport: in general, the older (deeper) the water

mass, the larger are the Ce anomaly and the

HREE enrichment (e.g. [29]). In agreement with

recent observations [19,30] surface waters do not

re£ect any in£uence of aeolian input at this re-

mote longitude. Ce anomalies, Ce/Ce*, were cal-

culated using the equation:

Ce

Ce�
�

CeU2

�La� Pr�

where Ce, La and Pr are the shale normalized

concentrations (values close to 0 correspond to

large anomalies whereas values close to 1 corre-

sponds to weak ones). Calculated anomalies are

reported in Table 1. The most relevant features

are the Ce anomalies of the three AAIW samples,

which are 0.23 at 2³N, 0.22 at 0³ and 0.59 at 12³S.

5. Discussion

Measured ONd and REE concentrations are in

good agreement with previous studies for the Pa-

ci¢c Ocean [3,5,18,29,31]. The average Nd IC of

the whole Paci¢c basin is not signi¢cantly modi-

¢ed by our results (ONd =34.3 þ 1.8 before our

measurements to 34.2 þ 1.8 after). Similarly, the

average ONd shifts from 34.1þ 1.5 to 34.0 þ 1.5

for the North Paci¢c and from 35.7 þ 3.7 to

35.6 þ 2.7 for the South Paci¢c. The measured

value for AAIW at 12³S also compares well

with preceding data [3,6,29], contrasting with the

northernmost intermediate waters (`equatorial'

AAIW) with its more radiogenic ONd (Table 1,

Fig. 1d). As a general rule, the 12³S station has

a less radiogenic signature than the two others.

This contrast can be related to the origins of the

collected waters, the South Paci¢c being charac-

terized by a less radiogenic signature than the

North Paci¢c [5,18,32].

In the following, we will ¢rst discuss the Nd IC

of the equatorial intermediate water (0³ and 2³N),

then that of the lower part of the EUC (0³, 150

m) and ¢nally that of its upper part (0³, 120 m).

In the three cases the results will be compared to

the 12³S station results, since the latter can be

considered as the origin of the waters found at

the equator, as described by Tsuchiya

([24,26,31]) and Tsuchiya and Talley [34] and rep-

resented on Fig. 1. The general picture is that part

of the water entrained in the SEC (where the 12³S

station is located) turns northwestwards towards

PNG, and reaches the Central Equatorial Paci¢c

(where the 0³ and 2³N stations are located) en-

trained by equatorial £ows. As the SEC is active

to depths greater than 1000 m, it entrains the

three layers studied here. The AAIW found at

the equator comes from the South Subtropical

Gyre by way of western boundary undercurrents

such as the NGCU, that £ows northwestwards

through the Vitiaz Strait and along the north

coast of PNG [33,34]. The water found in the

lower part of the EUC, originating from the Tas-

man Sea, £ows around the South Subtropical

Gyre before entering the NGCU, to ¢nally reach

the EUC. The depth of the isopycnal characteriz-

ing this water (ca =26.4) around the 12³S station

is roughly 300 m [26]. At its source in the PNG

region, the upper part of the EUC is mainly com-

posed of waters originating on the high salinity

cell centered around the tropic of Capricorn

[24]. This tongue of high salinity was sampled at

135 m depth at the 12³S station. Note that all

these trajectories involve western boundary coast-

al undercurrents of the PNG region.

5.1. Intermediate waters

Samples of intermediate waters at 2³N, 0³ and

12³S show very similar hydrological properties

(a=5.40, 5.34 and 5.18³C, S=34.55, 34.55 and

34.52 psu, ca =27.27, 27.28 and 27.28 at 2³N,

0³ and 12³S respectively, see Fig. 3). This indi-

cates that they likely have a common origin,

that is AAIW [34]. On the contrary, the measured

Nd IC (Fig. 1d), and REE patterns (Fig. 2) are

very similar at 2³N and 0³ but there are large

di¡erences between these two stations and the

12³S one: ONd increases from 38þ 0.3 at 12³S,
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to 32.1 þ 0.3 and 33.4 þ 0.3 at 0³ and 2³N respec-

tively. These signi¢cant ONd variations contrast

with the similar hydrographic properties, as illus-

trated in Fig. 3. Given that the Nd IC at 2³N and

0³ are similar, we will consider only their average

(ONd =32.8þ 0.7) in the following. As outlined

above, such a radiogenic value in the northern

part of the EqPac section requires that the

AAIW found at 0³/2³N has been modi¢ed by an

input of radiogenic Nd (ONd s32.1). The AAIW

trajectory between 12³S and the equator through

the PNG region (see above) o¡er one viable ex-

planation for the ONd variation from 38 in the

`southern' AAIW to 32.8 in the equatorial

AAIW. Any ONd change requires an input of Nd

from a source with a di¡erent IC. Hydrography

shows no mixing of water masses [34], which im-

plies that the Nd input is of lithogenic origin.

PNG (and adjacent volcanic islands) is the only

land mass on the possible pathways of AAIW

from the South Subtropical Gyre to the Equator.

Its northeastern coast (together with the New

Britain one, on the other side of the Vitiaz Strait)

is characterized by ONd PNGW+7 [20], a value ra-

diogenic enough to allow the observed increase.

In support of this, Jeandel et al. [7] suggested that

the Nd isotopic signature of water masses is likely

to be modi¢ed in areas where intense dissolved/

particulate exchange occurs. This could happen in

the vicinity of coasts, along continental slopes or

within straits, where the hydrodynamics would

enhance re-suspension of deposited sediment.

The Vitiaz Strait is particularly narrow (less

than 30 km width at 800 m depth) and is a likely

place for changes in Nd IC in the waters £owing

through it to occur. For these reasons we con-

clude that the AAIW isotopic signature is likely

to be modi¢ed as it £ows along the northern coast

of PNG.

We now estimate the Nd £uxes required to

achieve the observed ONd variation through the

Vitiaz Strait. The AAIW £ows at about 2^4 Sv

([33]; 1 Sv= 106 m3 s31) ; we take here the average

value (F1 =3 Sv). It £ows at about 800 m depth,

so that the Nd input might come from the PNG

slope. The Nd concentrations measured in waters

having AAIW properties (at 795 m in the Coral

Sea, upstream from PNG and at 991 m in the

Caroline Sea, downstream of PNG) are respec-

tively Cup =10 pmol kg31 and Cdown =9.3 pmol

kg31 [15]. Neglecting the minor decrease, we as-

sume that the Nd concentration is constant in this

water mass as it £ows along the coast of PNG.

We assumed the upstream Nd IC to be that mea-

sured at 12³S (ONd up =38) and the downstream

value to be the average of those measured at

2³N and 0³ (ONd down =32.8). Constant concentra-

tions combined with a varying ONd requires an

exchange of Nd between the slope of PNG and

the AAIW. If E is the average £ux of Nd ex-

changed and ONd result the Nd IC resulting from

this process, then:

ONd result �
�CupUF13E�UONd up � EUONd PNG

CdownUF1

�1�

Fig. 3. a-S and a^ONd diagrams of the analyzed samples. Black symbols represent AAIW samples. On the a-S diagram AAIW

show very similar characteristics, whereas they are clearly distinguishable on the a^ONd diagram.
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Taking ONd PNGW+7 [20], we ¢nd E=4.9U107

g(Nd) y31. The possible process causing this ex-

change of Nd between the slope of PNG and sea-

water will be discussed in detail in Section 5.2.

However, we can estimate the amount of solid

material that would be required to release the

Nd contained in its lattice to obtain such £uxes,

whatever the process. The Nd concentration in

the volcanic PNG material is approximately 9

ppm [20], the percentage of dissolution of Nd

from marine particles or sediments in seawater

is between 3 and 20% [17,35,36]. Assuming an

average of 10% dissolution, the amount of PNG

material needed for this Nd exchange is 5.4U107 t

y31, that is 9% of the £uvial sediment discharge

from PNG to the ocean [37]. Milliman [37] dem-

onstrated that this sediment discharged to an ac-

tive margin directly reached the deep sea. The

steepness of the slope likely induces re-suspension

of the deposited material and favors solution/par-

ticles contact. The residence time of AAIW in the

Vitiaz Strait is around 6 days; it reaches a max-

imum of 2 months when assuming that it £ows

along the whole slope of PNG in the NICU. This

means an e¤cient modi¢cation of the water mass

Nd signature in such an oceanographic context

(strong hydrodynamics, high dissolved/particulate

exchanges). These results are consistent with the

more pronounced Ce anomaly in the `equatorial

type' AAIW: adsorption/desorption processes

promote larger anomalies [17]. These results indi-

cate that AAIW is modi¢ed from the `southern

type' to the `equatorial type' by £owing along

the PNG coast. They also con¢rm that the Nd

isotope signature helps reconstruct the present-

day pathways of a water mass even though its

hydrographical properties are not strongly modi-

¢ed along its path (see Fig. 3 and [7]).

5.2. EUC

Two samples were analyzed in the core of the

EUC at the equator. Despite their small di¡erence

in water depths, their Nd IC di¡er signi¢cantly

(ONd =35.7þ 0.3 at 120 m and ONd =31.6þ 1.2

at 150 m). This indicates that the boundary be-

tween the two layers of the EUC is between those

depths. The large vertical ONd gradient also indi-

cates that the two layers do not in£uence each

other signi¢cantly. In other words, the upwelling

does not seem to a¡ect the subpycnocline layer of

the EUC.

5.2.1. Lower part of the EUC

The lower part of the EUC comprises the 13³C

Water. It is a thick and homogeneous layer, not

directly involved in the Ekman £ow [24] so that,

to a ¢rst approximation, we assume that its Nd

IC remains constant between the source of the

EUC and the 140³W section (ONd =31.6 þ 1.2).

The Nd IC of the 13³C Water entering the

NGCU was chosen to be that of our 12³S sample

having the closest density to that characterizing

the 13³C Water (ONd =34.3 þ 1.2, 200 m). These

hypothesis suggest an increase from ONd =34.3 to

ONd =31.6 while the water £ows in the NGCU.

The concentrations measured by Zhang and No-

zaki [15] in the Coral and Caroline Sea for the

layer with the density of the 13³C Water

(ca =26.4) show a slight increase: Cup =4.9

pmol kg31 and Cdown =6.6 pmol kg31 respec-

tively. The £ux of the 13³C Water is estimated

at F2 =3 Sv from data given by Lindstrom et al.

[38]. The concentration increase (1.7 pmol l31) in

this layer requires an input of Nd from PNG of

2.3U107 g(Nd) y31. With the 13³C Waters £ow-

ing around 300 m depth, Nd inputs are likely to

be provided by the PNG the upper slope. This

input modi¢es ONd as follows:

ONd result �

CupUF2UONd up � �Cdown3Cup�UF2UONd PNG

CdownUF2

�2�

The resulting Nd IC is ONd result =31.4, very

close to the measured value of 31.6. No exchange

is required this time to reconcile the concentration

and isotopic signal variations. This input of Nd

roughly corresponds to the remobilization of

2.6U107 t y31 of PNG material, that is 4% of

the total £uvial load [37]. This small proportion

is of the same order as above, and makes our

explanation conceivable.

The fact that exchange processes are required
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to explain the variations observed in the AAIW

and not in the 13³C layer can be related to (1)

di¡erent speciations of Nd in the di¡erent input

sources or (2) velocity di¡erences between the cur-

rents entraining the 13³C Water and the AAIW

(about 70 cm s31 and 12 cm s31, respectively

[33,38]). However this di¡erence of behavior

could not be signi¢cant because we initially as-

sumed no ONd variation within the EUC. How-

ever, the salinity at 0³ 150 m is 35.17 whereas

the same isopycnal leaves the PNG region with

a value 35.5. This slight freshening could re£ect

the merging of waters originating from the North-

ern Paci¢c into the EUC, although the precise

dynamic of this input is not yet understood [24].

From the literature [5] and this work, the Nd IC

of these waters is likely below 31.6. If this input

occurs, it would therefore induce a decrease of ONd

between PNG and 140³W, implying that waters

would leave the PNG with a more radiogenic val-

ue than that assumed here (ONd =31.6). In that

case, the ONd increase in the NGCU could no

longer be explained by a sole input, an exchange

would become necessary. The lack of ONd data in

the PNG region does not allow us to conclude

¢rmly on that point, the hypothesis of a sole input

remaining the most probable hypothesis regarding

our data set.

Three kinds of sources can be considered to

explain the input: (1) Hydrothermal inputs seem

unlikely since it has been demonstrated that the

in£uence of hydrothermalism is not signi¢cant for

the local and global REE budget in the ocean

[39]. (2) Dissolved riverine inputs: following Shol-

kovitz et al. [16], the europium weathered from

PNG as dissolved load explains 20% of the excess

of the Eu observed in the upper layers of the

Caroline Sea. Using their data, we estimated

that about 1.9U106 g y31 of dissolved riverine

Nd are brought to the upper Caroline Sea, that

is less than 10% of the amount required to explain

the Nd enrichment and the isotopic variation. In

addition, Sholkovitz (personal communication)

provided us with the only dissolved Nd IC mea-

sured in the SEPIK river. Its ONd is 33.1, de¢-

nitely more negative than the volcanic material

outcropping on the eastern coast (about +7;

[20]). Finally, Sholkovitz et al. [16] suggested

that the dissolved riverine REE inputs from

PNG can be traced in the surface layers of the

Caroline Sea by a mid-REE enrichment when

the samples are normalized to a composite refer-

ence, deduced from the Coral Sea data of Zhang

and Nozaki [15]. We applied this normalization to

all our REE patterns, and did not observe any

mid-REE enrichment between the southern and

northern stations of the section. Hence, we sus-

pect that direct input of riverine dissolved Nd

plays a minor role in the variations observed.

(3) The best candidate is the dissolution of solid

material at the continent/ocean interface (shelf,

slopeT). This process can yield the two types of

behaviors, exchange or net input, but does not

give a hint which one to favor. This third hypoth-

esis is also invoked to explain 80% of the Eu ex-

cess observed in the upper layers of the Caroline

Sea, the excess which is not balanced by dissolved

riverine [16]. This `exchange' hypothesis has pre-

viously been proposed to reconcile the variations

of Nd concentration and Nd IC on a basin scale

[6,7] and on a global scale [9,29]. Although it

would be useful to quantify this process here,

we demonstrated above that our data do not al-

low to solve that point here. However, the Nd

isotope signal does demonstrate what was sus-

pected [40] : that lithogenic elements are trans-

ported across the Paci¢c Ocean within the subpyc-

nocline layer of the EUC and that they originate

from PNG.

This westward advection of lithogenic material

is supported by the high 228Ra signal observed in

subsurface waters collected at the same location

as this study, but earlier in the year (spring 1992;

[41]). The strong 228Ra gradient also supports the

idea that the equatorial upwelling does not a¡ect

the 13³C layer. Ku et al. [41] suggested that the

source of 228Ra is the nearby western American

coast. We do not agree with this interpretation as

(1) the ONd of Californian inputs is expected to be

around 35 [42], which is too low to explain the

equatorial ONd values and (2) the hydrographic

literature clearly states that advection is eastwards

for these waters.

5.2.2. Upper part of the EUC

The upper part of the EUC, containing Trop-
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ical Waters, is a¡ected by equatorial upwelling

and lateral advection. Thus, a large part of its

water is renewed on its way from the PNG coast

to 140³W [24]. Wells et al. [1] proposed a simple

model of this layer to explain the dissolved Fe

concentrations measured at 140³W in the EUC:

0.1 nmol kg31 in the upper part and 0.35 nmol

kg31 in the lower part. These authors assumed

that both layers have the same iron concentration

(0.35 nmol kg31) when leaving the PNG coast, the

lower layer remaining unchanged all the way to

140³W. On the contrary, the upper part loses Fe

by upwelling, while no enrichment occurs by lat-

eral advection since the surrounding waters are

Fe-depleted. This results in an exponential de-

crease of the dissolved Fe concentration from

0.35 to 0.1 nmol kg31 at 140³W [1]. This model

was modi¢ed to reconstruct the variation of the

Nd IC along the upper layer of the EUC. First,

we took into account lateral inputs, since sur-

rounding waters are not Nd-depleted. In addition

we considered that the horizontal velocity of the

EUC is 0.4 m s31 instead of the 1 m s31 taken by

Wells et al. [1]. The former estimate was made for

the period of about 6 months that e¡ectively cor-

responds to the transport of the water that was

sampled at 140³W in November 1992. Four di¡er-

ent sources of data converge towards this lower

value: (1) The TAO ADCP and current meter

data at the equator, at 165³E, 170³W and

140³W gave velocities between 0.4 and 0.8 m

s31 ; but these values overestimate the average

EUC current speed since they sample its maxi-

mum velocity. (2) Wyrtki and Kilonsky [22] give

the mean transport and area of the EUC mea-

sured during the Hawaii-to-Tahiti Shuttle Experi-

ment (1979^1980, around 155³W) from which we

calculated a mean velocity of 0.4 m s31. (3) From

a depth pro¢le of a modeled zonal velocity aver-

aged over the period from 1992 to 1997 at 0³^

140³W [43], we calculated a mean velocity of 0.6

m s31, likely to be overestimated because centered

on the equator, as for the TAO data. (4) Finally,

Gourdeau (personal communication, 2000), using

the model from Gent and Cane [44], gave us the

zonal velocity averaged between 2.2³N and 2.2³S,

for the 6 months preceding the sampling. From

those simulations we extracted a mean zonal ve-

locity of 0.4 m s31 in the EUC. We therefore

adopted 0.4 m s31.

Then, we estimated the Nd IC in the upper

EUC layer at its source. As it has neither the

same origin, nor the same volume as the under-

lying 13³C layer, we cannot assume that it has the

same Nd signal when leaving PNG. In its forma-

tion region it is characterized by ONd up =36.6

(12³S, 135 m). We assumed then that this Tropical

Water £owing through the Vitiaz Strait interacts

with the PNG upper slope in a similar way to the

13³C Water, i.e. that there is no Nd exchange,

only inputs. This assumption is based on the facts

that these two water masses are £owing on top of

each other in the NGCU (150^200 m and 220^360

m for the Tropical Water and the 13³C Water,

respectively); therefore they should interact with

similar layers along the slope; in addition, their

speeds are close to each other (around 90 cm s31

and 70 cm s31 respectively). The £ux of Tropical

Water through the Vitiaz Strait is estimated to be

2 Sv [38]. The concentrations upstream and down-

stream of PNG are those of Zhang and Nozaki

[15] in the Coral and Caroline Sea, Cup =3.5 pmol

kg31 and Cdown =4.25 pmol kg31 respectively.

The values are chosen at ca =24.95, which is

the density of the Tropical Water in that area.

Applying Eq. 2 to these data, we ¢nd

ONd down =34.2. This value will be used as the

starting value in the following model.

The model is sketched on Fig. 4. The upper

layer of the EUC is represented as a rectangular

box, 8333 km long (from 145³E to 140³W) and

100 m thick (50^150 m). The horizontal velocity is

constant and set to 0.4 m s31, the vertical velocity

is also constant and set to 1.23 m day31 [45]. This

implies a water renewal of approximately 95%

between the source of the EUC and 140³W.

This renewal corresponds to a loss from the top

due to upwelling and to a gain from the side due

to lateral advection. The proportions of water

advected from the northern and southern sides

of the box are constrained by the salinity budget

(Fig. 4). Salinity values used for lateral inputs

were those measured during the campaign at

2³N and 2³S at 120 m depth (34.8 and 35.2 re-

spectively). The original salinity value of the

Tropical Water in the region of formation of the

F. Lacan, C. Jeandel / Earth and Planetary Science Letters 5779 (2001) 1^1612
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EUC is that given by Tsuchiya et al. ([24] ;

S=35.5). This constraint implies that out of the

95% of water renewal, 74% came from the south

and 21% from the north. We assumed a constant

and equal Nd concentration inside and outside

the box (this work). The Nd IC for the water

advected from the south is set at ONd south =36.6

because this is the value of the Tropical Water

measured at 12³S. The Nd IC for the water ad-

vected from the north is set to ONd north =32.3, as

measured at the level corresponding to the upper

layer of the EUC at 2³N, that is 155 m. The out-

put of the model gives a Nd IC at 140³W in the

upper layer of the EUC of 35.6, perfectly consis-

tent with the measured value of 35.7 þ 0.3 for this

layer. Owing to the hypothesis made for the ONd

value for the upper EUC waters at their origin,

this agreement has to be considered with caution.

Nevertheless, the good agreement between mea-

sured and calculated values also holds when a

horizontal velocity of 1 m s31 is applied to this

model [1] : this corresponds to a renewal of 70%

of the water, and yields a calculated ONd value of

35, only slightly below the measured one. We

also tested the sensitivity of our calculation to

the original ONd value taken at 12³S: assuming

that it is of 33.6, as measured at 12³S, 75 m,

the ONd value after the PNG would be 31.7 and

the resulting ONd value after the renewal of waters

at 140³W would be 35.5. In any case, the original

value of the Tropical water is not crucial for the

remaining calculation: the renewal of waters due

to the active equatorial upwelling suppresses any

PNG contribution on these surface waters. On the

other hand, applying a velocity of 0.4 m s31 to

calculate the iron concentration variations leads

to the total depletion of iron in the surface layer

of 140³W, with a calculated value of 0.02 pmol

l31, far below the measured one [46].

Wells et al. [1] suggest that paleo-variations in

primary production in the eastern Equatorial Pa-

ci¢c could re£ect variations in the tectonic activity

of PNG. Such activity would imply variations in

the Fe enrichment of the source waters of the

EUC and therefore variations of the Fe content

of the surface waters of the eastern Equatorial

Paci¢c. Primary production being limited by Fe

in this area [46], this would result in variations in

the primary production. Our results contradict

this hypothesis, as the important renewal of the

upper layer of the EUC (due to upwelling) seems

to completely eliminate the PNG imprint, as

shown by the depletion of the Nd signal in this

layer. This would have a similar e¡ect on iron. On

the other hand, neither the Fe nor the ONd of this

water is known at its source today (both are esti-

mated in [1] and this work). In addition, all these

hypotheses assume that the mean upwelling con-

ditions today were the same as those in the past,

which are not known. Higher Fe contents and/or

more radiogenic ONd values could yield a remain-

ing signal at 140³W, even after water renewal : ONd

measurements of sediments deposited during

higher productivity events would certainly help

to solve these questions.

6. Conclusion

We characterized the Nd IC of hydrodynamic

structures in the Equatorial Paci¢c Ocean at

140³W: Intermediate Water at 12³S: ONd =

38.0þ 0.3; Intermediate Water of the equatorial

Fig. 4. Model of the upper layer of the EUC, between 150³E

and 140³W. The velocity of the westward £ow is set to 0.4

m s31, the one of the upwelling to 1.23 m day31. Lateral ad-

vection is constrained by salinity. The model is then used to

calculate ONd at 140³W from ONd values at the source (150³E)

and in the advected waters.
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type: ONd =32.8þ 0.7; Upper layer of the EUC:

ONd =35.7 þ 0.3; Subpycnocline layer of the

EUC: ONd =31.6 þ 1.2; EIC: ONd =33.5 þ 0.4;

Tropical Water formed in the high salinity cell

of the Tropic of Capricorn: ONd =36.6 þ 0.2

The Nd IC of the three Intermediate Water

samples con¢rm the hypothesis proposed by Tsu-

chiya and Talley [34]: the Intermediate Water

found at 140³W in the equatorial region is a

`modi¢ed AAIW' and comes from the South Sub-

tropical Gyre by the way of the western boundary

undercurrents. Whereas its hydrological proper-

ties remain unchanged, its Nd signature is

strongly modi¢ed by the contact with the PNG

slope, con¢rming the usefulness of this tracer to

identify the pathway of water masses.

The Nd IC measured in the subpycnocline layer

of the EUC at 140³W (ONd =31.6þ 1.2, 150 m)

also re£ects the in£uence of PNG lithogenic in-

puts on the Central Equatorial Paci¢c. This em-

phasizes the importance of jets to transport litho-

genic material into the subsurface layers of basin

centers, where aeolian inputs are particularly

weak. This corroborates the preceding results on

Fe and Al maxima in this area [1].

The Nd IC of the upper layer of the EUC

(ONd =35.7þ 0.3, 120 m) is very di¡erent from

that of the subpycnocline layer (ONd =31.6 þ 1.2,

150 m) indicating that upwelling was not active

between 150 and 120 m at the place and time of

the sampling. A simple model of the upper layer

of the EUC, with an average velocity lowered to

60% from the Wells value, shows that the radio-

genic Nd enrichment originating from PNG (and

therefore Fe enrichment) likely disappears from

this layer as it traverses the basin. For these two

reasons we suspect that PNG lithogenic inputs

were not able to a¡ect the surface water of the

Central Equatorial Paci¢c, as suggested by Wells

et al. [1]. However, this contradiction may be due

to (i) the simplicity of both Wells and our models,

(ii) the lack of ONd and Fe data in the source of

EUC (PNG area) and therefore uncertainties on

these supposed values.

Our best candidate to explain REE inputs in

intermediate and subsurface waters in this area

is the dissolution of volcanogenic material, sup-

plied by erosion, caused by boundary undercur-

rents £owing against the PNG slope. This process

is the same as the one suggested by Wells et al. [1]

for the iron inputs. Therefore, we suppose that Fe

and REE enrichments are tightly linked. This is

why, if measurements of traditional paleo-primary

production tracers are made in the sediment of

the Central Equatorial Paci¢c to identify past in-

put variations, it would be essential to measure

also the authigenic Nd isotopic signatures im-

printed in the sediments.
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DENMARK STRAIT WATER HETEROGENEITY: CIRCULATION 
TRACED BY NEODYMIUM ISOTOPES AND RARE EARTH 

ELEMENTS 
 

Francois Lacan∗ and Catherine Jeandel 
 

LEGOS, Observatoire Midi-Pyrénées, 18 av Edouard Belin, 31401 Toulouse Cedex 4, France 
 
 

ABSTRACT 
 
Seawater Neodymium isotopic composition and Rare Earth Elements concentrations 

were measured along four hydrologic sections within the East Greenland Current, between the 
Fram and the Denmark Straits, during summer 1999. East Greenland Current intermediate 
waters, between 77°N and 70°N, displaying similar hydrological characteristics as Denmark 
Strait Overflow Water, have very constant REE characteristics and εNd value of –11.2. This 
constancy reveals the absence of lithogenic input, from the East Greenland margin, into 
intermediate waters in this area, corroborating previous dissolved aluminum data (Measures 
and Edmond, 1992). The Denmark Strait Overflow Water was characterized by εNd = -8.7 ± 
1.4. This value (which is in very good agreement with one previous data; Piepgras and 
Wasserburg, 1987) can be explained by the imprint of basaltic formations bordering the 
Denmark Strait on the intermediate waters described above. The heterogeneity of the DSOW 
Nd signature revealed the resuspension of Precambrian particles in the Strait. The presence of 
Atlantic Water is observed at a station located at the mouth of Nansen Fjord, on the western 
side of Denmark Strait. We suggest that this water reaches the fjord from the Irminger current 
within eddy structures. These results provide a better understanding of the DSOW Nd 
signature, which will allow a better use of this tracer in the study of modern and paleo North 
Atlantic Deep Water dynamic. 

 

Keywords: Denmark Strait, circulation, neodymium, water masses, weathering, isotopic 
tracer. 

 
1.     Introduction 
 
Neodymium (Nd) is a Rare Earth Element (REE). It mainly occurs at the earth surface 

in the solid phase. Its Isotopic Composition (Nd IC) is the 143Nd/144Nd ratio, expressed as εNd, 
which is the deviation of this ratio in the sample from a reference value (CHUR, Chondritic 
Uniform Reservoir, 143Nd/144Nd = 0.512638, which represents the present day average earth 
value):  
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The Nd IC of a rock depends both on its age and samarium to neodymium ratio. εNd 
ranges from –40 in old continental formations (e.g.: Greenland; Taylor et al., 1992) to +10 in 
new volcanic formations (e.g.: Iceland; O'nions and Grönvold, 1973). The Nd found in the 
ocean is of terrigeneous origin. It is brought to the ocean in dissolved or particulate phases, by 
rivers, the atmosphere or remobili zation from margin sediments. Within the ocean, most of 
the Nd is found in the dissolved phase, the particulate phase represents only 5 to 10% of the 
total content (Jeandel et al., 1995). Although input processes are still not completely 
understood, it seems that dissolved/particulate exchanges at the margins play a preponderant 
role (Jeandel et al., 1998; Lacan and Jeandel, 2001; Tachikawa et al., 2002). In the vicinity of 
lithogenic sources, εNd is thus used as a tracer of particle transport and dissolved particulate 
exchanges (Grousset et al., 1988; Jeandel et al., 1995; Tachikawa et al., 1999b). Away from 
them, it is conservative and used as a tracer of water masses (Piepgras and Wasserburg, 1987; 
Piepgras and Jacobsen, 1988; Jeandel, 1993; Jeandel et al., 1998; Lacan and Jeandel, 2001). 
Nd residence time in the ocean is around 500 to 1000 years (Tachikawa et al., 1999a). That 
makes εNd suitable to trace intra and inter ocean currents. 

εNd is widely used in paleo-oceanography. Signal variations stored in sediments (mostly 
metalli ferous), are classically interpreted as reflecting past variations in circulation. Recently, 
several studies have suggested that fluctuations in the Nd sources, via variations in erosion 
rates, could also affect εNd  records (Vance and Burton, 1999; Frank et al., 2001; Tachikawa et 
al., 2002). 

The past Nd IC of the North Atlantic Deep Water (NADW) has been particularly well 
studied (Burton et al., 1997; Abouchami et al., 1999; Vance and Burton, 1999; Rutberg et al., 
2000). The production of this water mass initiates the conveyor belt circulation, and thus is a 
key factor controlli ng our climate (Broecker, 1991). NADW is formed out of four sources: 
Denmark Strait Overflow Water (DSOW), Island Scotland Overflow Water (ISOW), 
Labrador Sea Water (LSW) and Lower Deep Water (LDW, derived from Antarctic Bottom 
Water, AABW). Those are formed by convection in high latitudes: the DSOW and the ISOW 
in the Nordic Seas (Greenland, Island and Norwegian Seas), the LSW in the Labrador Sea and 
the AABW around the Antarctic continent (Dickson and Brown, 1994). The few data 
available before this work show that the Nd ICs of these sources are very distinct: εNd ≈ -8 in 
the Nordic Seas overflow waters, εNd ≈ -14.7 in the LSW and εNd ≈ -11.7 in the AABW 
(Piepgras and Wasserburg, 1987). εNd variations in the past or present NADW could thus be 
used to evaluate the relative contribution of each of its source waters and to draw conclusions 
about fluctuations in the conveyor belt activity, if it can be ascertained that the end-member 
values are constant. 

To further develop this potential application of εNd, we need to better understand how 
these waters acquire their signature. So far, only three Nd IC measurements were available for 
the Nordic Seas, which is insuff icient to constrain the signature of the DSOW and ISOW. One 
of the goals of the Signature/GINS cruise (IFRTP) was to further address these questions. The 
cruise has been carried out on board the R/V Marion Dufresne, in July and August 1999, in 
the North Atlantic and more particularly in the Greenland and Iceland Seas. Hydrological 
parameters (θ, S, O2 and Acoustic Doppler Currents) and chemical tracers: CFC, SF6, 129I, 
REE and Nd IC have been measured. In this paper, we present Nd ICs and REE 
concentrations of seawater samples from the East Greenland Current (EGC), along the east 
Greenland slope, between the Fram and Denmark straits. We use these results to explain the 
εNd signature of the DSOW and to better constrain the circulation in the Denmark Strait. 
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2.     Hydrological context, sampling, analytical procedures 
 
The Nordic Seas refer to the seas lying between Greenland and Norway: the Norwegian, 

the Greenland and the Iceland Seas (Fig. 1). Their deep openings with the oceans are the Fram 
Strait in the north, the Denmark Strait in the southwest and the Faroe Shetland Channel in the 
southeast. Their main hydrological structures are: 1) an eastern boundary current, the 
Norwegian Atlantic Current followed by the West Spitsbergen Current, bringing warm and 
saline Atlantic Water to the north, 2) a western boundary current, the East Greenland Current 
(EGC), carrying waters from the Fram Strait, through the Greenland and Iceland Seas, 
towards the Denmark Strait, 3) three cyclonic gyres in the Greenland, Iceland and Norwegian 
Seas (Fig. 1; Poulain and Warn-Varnas, 1996; Hansen and Østerhus, 2000). 

 
 
 

 
 
Figure 1. 
Studied area. The large black arrows represent the main hydrodynamic structures: the 

East Greenland Current, the Greenland Sea and Iceland Sea gyres. Hydrological sections are 
indicated by black white-edged segments. The dashed lines bordering the coasts indicate their 
geological type. The white black-striped lines indicate Precambrian formations (εNd around –
35), whereas the black white-striped ones indicate basaltic ones (εNd around +8). Note the 
basaltic nature of the formations bordering the Denmark Strait. 

 
 
The East Greenland Current flows parallel to the isobaths. It extends from the 

continental shelf beyond the bottom of the slope, around 3000 m depth. Its annual mean 
transport is 21 ± 3 Sv (1 Sv = 106 m3.s-1; Woodgate et al., 1999). It carries waters of different 
origins, some come from the Arctic Ocean, some from the Atlantic Ocean by way of the 
Norwegian Atlantic Current and the West Spitsbergen Current, and some from the Greenland 
and Iceland gyres (Rudels et al., 1999b). 

Seawater samples were collected along four sections within the EGC, above the slope, 
between the Fram and Denmark Straits (Fig. 1). A station was also carried out at the mouth of 
the Nansen Fjord, in the northwest of Denmark Strait. 
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We analyzed the Nd ICs and REE concentrations of unfiltered samples in most cases. 
Some surface and bottom samples were filtered using 0.45 µm filter. The analytical 
procedures are described in Lacan and Jeandel, 2001. The reproducibilit y of the Nd IC 
measurement was 0.5 εNd unit, blank values were 700 pg (3.5% of the most depleted sample 
and 2% on average). Reproducibilit y of the REE concentration measurements was better than 
10% for the whole REE and better than 5% for Nd, blanks values were better than 8% for the 
whole REE and better than 3% for Nd. Results are reported in Table 1. 

 
3.     Denmark Strait Overflow Waters (DSOW) 
 
3.1     East Greenland Current 
 
The DSOW are the densest waters overflowing the Denmark Strait. Their origins are the 

topic of numerous studies and still unclear. Among the remaining hypotheses, most of the 
recent publications suggest that the precursors of the DSOW are carried within the EGC from 
the north of the Nordic Seas (Strass et al., 1993; Mauritzen, 1996; Rudels et al., 1999a). 

During the Signature/GINS campaign, the DSOW had the following hydrological 
characteristics: -0.5<θ<0, 34.87<S<34.90 and 28.01<σθ<28.05. Those values were chosen 
because they characterized the deepest water mass of the strait, separated from the underlying 
layer by marked temperature, salinity and density gradients. We determined the Nd ICs of 
seawater samples having similar characteristics within the EGC upstream of the Denmark 
Strait (Tab. 1). Results are: 

77°N section: εNd = -11.4 ± .3 (4 unfiltered samples) 
73°N section: εNd = -11.1 ± .2 (2 unfiltered samples) 
70°N section: εNd = -11.1 ± .2 (5 unfiltered samples) 
They show that these waters, thought to be sources of the DSOW, have a very precisely 

defined Nd IC (εNd = -11.2 ± .2; 11 unfiltered samples), homogeneous and remarkably 
constant all the way between 77°N and 70°N. Nd concentrations are also remarkably constant: 
[Nd] = 2.4 ± 0.1 ppt (11 unfiltered samples). The absence of variation of the Nd signature of 
these waters reflects the absence of terrigeneous input from Greenland, whose Nd IC is 
around –35 (Thrane, 2002). These results are consistent with dissolved aluminum 
measurements carried out in the same area, in 1988-89 (Measures and Edmond, 1992). These 
authors showed that terrigeneous enrichments in this region affect deep waters of the EGC, 
but not the intermediate ones. The constancy of Nd concentrations (4% standard deviation) 
and other conservative REE concentrations (3 to 7% standard deviation) corroborates these 
results. 

 
 
 
 
 
 
 
 
 
 



)�� �

 5 

 
Table 1. 
Physical (θ, S, σθ), chemical (O2) and geochemical (Ce*=Ce×2/(La+Pr), La/Lu, [Nd], 

εNd) data used in this work. All data come from the Signature/GINS cruise (summer 1999). 
All geochemical measurements were performed on unfiltered samples. Water masses were 
identified by their θ-S characteristics defined by Swift, 1986 (LAIW : Lower Arctic 
Intermediate Water, UAIW : Upper Arctic Intermediate Water, PW : Polar Water, AW : 
Atlantic Water, ASW : Arctic Surface Water, PIW : Polar Intermediate Water). DSOW stands 
for Denmark Strait Overflow Water. 
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3.2.       Denmark Strait 
 
The section located at the Denmark Strait sill comprises three stations (West, Center and 

East). Nd IC profiles are shown in Fig. 2, data are reported in Table 1. Four unfiltered samples 
were collected in the DSOW flowing just above the sill: Two samples at station West (479 
and 442 m), one sample at station Center (610 m) and one sample at station East (523 m). In 
contrast to the homogeneity of its precursors in the EGC, DSOW display heterogeneous Nd 
ICs, ranging between –10.3 and –7.5, with an average value of -8.7 ± 1.4. Nd concentrations 
are also heterogeneous, ranging between 2.5 and 4.1 ppt, with an average value of 3.2 ± 0.7 
ppt. The scatter in these data is mostly due to resuspensions (see sections 3.3 and 3.4). The 
mean values are identical to those reported for one sample taken in 1981 downstream of the 
Denmark Strait (εNd = -8.6 ± 0.5, [Nd] = 3 ppt; Piepgras and Wasserburg, 1987).  

 
 

 
 
Figure 2. 
εNd profiles in the Denmark Strait and the Nansen Fjord. Note the subsurface minimum, 

associated with the Atlantic Water (AW), found at all stations except station West. The dotted 
elli pse shows the DSOW samples. Note the scattering of the DSOW data and their rather 
radiogenic values. The unbroken elli pse shows the "pure DSOW" (not subject to unradiogenic 
particle resuspension). The fill ed circle represents the fil tered bottom sample from station 
Center. 

 
 
Nd ICs and concentrations differ greatly from those found in the EGC. Two hypotheses 

can explain this difference. Either the waters sampled in the EGC underwent Nd inputs 
between 70°N and the Denmark Strait, or they mixed with waters coming from the Iceland 
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Sea (as suggested by Swift et al., 1980). Although most recent publications suggest that the 
precursors of the DSOW are carried within the EGC from the north of the Nordic Seas (Strass 
et al., 1993; Mauritzen, 1996; Rudels et al., 1999a), the hypothesis of an Iceland Sea 
contribution can not be dismissed. But, because we do not have the Iceland Sea end-member, 
we are unable to address this question in the present work. We will t herefore assume in the 
following that the DSOW originates in the EGC upstream of 70°N and see if this is consistent 
with our data. We will t herefore look if Nd inputs can cause the shift from εNd = -11.2 within 
the EGC to εNd = -8.7 in the Denmark Strait and try to understand the shift from a strong 
homogeneity to a pronounced heterogeneity. 

 
In order to study Nd inputs between 70°N and DS, we need to know the geological 

nature of the surrounding formations. Whereas the Greenland coast is mostly composed of 
Precambrian materials between the Fram Strait and 70°N, the EGC becomes bordered by 
basaltic structures between 70°N and Denmark Strait. On its eastern side, these borders are 
first the Kolbeinsey ridge (see Fig. 1, εNd ≈ +10; Mertz et al., 1991) and then the Icelandic 
slope (εNd ≈ +8; O'nions and Grönvold, 1973). On its western side, it is bordered by the 
Blossevill e coast (εNd ≈ +6; Bernstein et al., 1998) down to Kangerlussuaq fjord (68°10’ N, 
just a few kilometer downstream of Denmark Strait), then again by Precambrian formations 
(εNd ≈ -38; Taylor et al., 1992). 

 
3.3.         Particle resuspension at the Denmark Strait 
 
In addition to the measurement of the unfiltered sample at 610 m depth of the station 

Center (εNd = -10.3), we measured the corresponding filtered sample: εNd = –8.6. This 
comparison implies the presence of particles of which εNd is lower than –10.3. Unfortunately, 
we do not have the concentration of the filtered sample: this prevents us to calculate the Nd IC 
of the particles. 

At station West, the two deepest samples (480 and 440 m) display strictly identical 
hydrological characteristics (θ, S, σθ and O2, see Table 1), which indicates that they are from 
the same water mass. However, their Nd ICs differ from two εNd units and their Nd 
concentrations from 0.5 ppt (εNd = -9.5 and -7.5; [Nd] = 3.3 and 2.8 ppt, at 480 et 440 m 
respectively). This suggests that, compared to the 440 m sample, the 480 m sample received 
an input of unradiogenic Nd. This conclusion is consistent with the relative position of the 
two samples: the 480 m one is at the bottom and therefore is li kely to contain more 
resuspended sediment. From the Nd IC and concentration variations, we estimated that the 
"contaminating suspensions" must have an Nd IC of –21. This value is very close to the 
measurement of a surface sediment sampled south of cape Farewell: εNd =-23 (Sinko, 1994). It 
is also in agreement with our deduction that the Nd IC of the station Center bottom sample 
particles must be lower than εNd < -10.3. 

In view of the geological context, such a enrichment can only be explained by the 
presence of Precambrian formations in the west of the Denmark strait south of 68°N. 
Considering the flow in that area (mainly south-westward orientated), these inputs must have 
occurred near the sill of the strait, because the sediments could not have been transported 
further north. These inputs would then be recent (at the time of the sampling) and restricted to 
the waters flowing at the bottom and the west of the strait. That would explain why they do 
not affect the 440 m station West sample (60 m above the bottom) nor the bottom sample of 
station East. The fate of these particles downstream of the Denmark Strait could not be 
investigated, but the agreement between Piepgras and Wasserburg's value and our mean value 
suggests that they are carried with the DSOW at 64°N. 
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3.4.        Enrichment of basaltic origin 
 
We will now look at the DSOW samples which did not undergo unradiogenic particle 

resuspensions and which we define as "pure DSOW". Their Nd ICs are: -7.5 (West 440m), -
8.6 (Center 610 m filtered) and –7.6 (East 520 m, see Fig. 2). These waters reach the entrance 
of the strait with a mean Nd IC of –7.9 ± 0.6 and a mean concentration of 3.5 ppt while their 
characteristics at 70°N were: εNd = -11.2 and [Nd] = 2.4 ppt. These variations imply an Nd 
input characterized by an εNd of –0.9. This value could reflect the input of dissolved Nd from 
basaltic formation on either side of the EGC, downstream of 70°N. The following calculations 
allow to assess the validity of this hypothesis. 

 
 

 
 
Figure 3. 
Denmark Strait area. The black arrow shows the East Greenland Current. The black 

white-edged segments and circle show the 70°N and Denmark Strait sections and the Nansen 
Fjord station, respectively. The white-shaded area schematizes the contact area between the 
DSOW and the margins. The white-striped areas indicate basaltic formations, the others being 
Precambrian ones. 

 
 
Recent estimations of the DSOW flux based on in situ high resolution current 

measurements suggest that the flux of DSOW with σθ < 28.01 has a mean value of 
approximately 0.7 Sv (Girton et al., 2001). The increase in concentration described above 
then requires an Nd flux of 24 t.yr-1. DSOW precursors, within the EGC upstream of 70°N, 
flow between 400 and 1000 m. As they approach the Denmark Strait, they get in contact with 
the sea floor and the sides of the strait. We estimated this contact area to be around 20 000 



)�� �

 9 

km2 (Fig. 3). Taking a value of 8 ppm for the Nd concentration in surrounding basaltic 
formations (Mertz et al., 1991; Bernstein et al., 1998) and a value of 1.5 g.cm-3 for the 
sediment density (Carter and Raymo, 1999), the Nd flux calculated above corresponds to the 
dissolution of a 0.1 mm thick sediment layer per year. Though this value is large, it represents 
only a small fraction (5 – 9 %) of sediment accumulation rates recorded in sheltered 
neighboring area (1.2 to 1.8 mm.yr-1, for instance at Nansen Fjord mouth; Jennings and 
Weiner, 1996). The fact that DSOW precursors within the EGC are not subject to any input 
upstream of 70°N whereas they suddenly undergo important input between 70°N and the 
Denmark Strait can be explained by two reasons. First, the contact area between the water 
mass and the margin upstream of 70°N is restricted to the western edge of the water mass, 
which flows along the Greenland slope between 400 and 1000m. As it approaches the 
Denmark Strait, this contact area increases suddenly, since the sea floor and the Iceland slope 
get in contact with the lower and eastern boundaries of the water mass. Second, the geological 
nature of the margins shifts from a Precambrian type to a basaltic one, the former  (made of 
crystalli zed minerals) being much less soluble than the latter.  This confirms that the 
dissolution of a small fraction of basaltic material bordering the strait, could explain the shift 
in the Nd isotopic signature between 70°N and the Denmark Strait. 

 
 

4.     Atlantic Water crossing the strait towards Greenland 
 
Nd IC profiles in the Denmark Strait display minima between 100 and 200 m depth at 

stations Center and East (εNd = -13.5 and –12.4 respectively, see Fig. 2). These minima are 
associated with temperature and salinity maxima (θ = 6.8°C, S = 35.13), and with dissolved 
oxygen minima (O2 = 8.86 mg.l-1). These characteristics clearly identify Atlantic Water 
(AW), carried by the Irminger Current towards the Iceland Sea. 

The Nansen Fjord station is located in the West of Denmark strait, along the Greenland 
coast, within a basaltic area. Temperature and salinity profiles show the presence of very fresh 
water within the first 20 m (S < 31, θ > 2°C), then Polar Water (PW; θ=-1.35, S=33.13) down 
to 150 m depth, then AW (θ=4.31, S=34.77) down to 250 m depth, and finally a water having 
the characteristics of Arctic Surface Water (ASW; S=34.57, θ=0.2°C) bellow 250m depth. 
The εNd  profile is shown in Fig. 2. 

Polar Water of the Nansen fjord has an Nd IC of –3.4 and a very high Nd concentration 
of 14.6 ppt. Comparing with a PW sample upstream in the EGC (73°N section, 50 m depth, 
εNd  = -11.2, [Nd] = 3.2 ppt), we notice a large increase in εNd and Nd concentration. We 
estimated that this enrichment is characterized by an εNd of –1.2, which is consistent with the 
basaltic nature of the fjord area (between 70 and 68°N). This value is also in excellent 
agreement with the one calculated, in the preceding section, for the radiogenic enrichment of 
the DSOW (εNd = -0.9). Since the basaltic rocks are found only north of the fjord, the PW 
likely undergoes lithogenic inputs along this coast. The bottom water of the fjord has also a 
radiogenic signature and a high Nd concentration (εNd = –2.5, [Nd] = 11.9 ppt). In the same 
way, this suggests that it underwent a similar radiogenic enrichment as the PW. 

On the other hand, intermediate waters in the fjord are characterized by εNd and [Nd] 
minima (εNd = -11.2 and [Nd] = 3 ppt). These characteristics as well as their θ an S maxima, 
are clearly identifying AW. The presence of AW in this place is surprising since the only 
known current carrying AW in the Denmark strait is the Irminger Current, which is restricted 
to the eastern part of the strait. The fact that its Nd IC and concentration are not very different 
from the AW measured in the strait (station Center, 97 m, εNd = -13.5, [Nd]=2.7 ppt], Fig. 2 
and Tab. 1) shows that, either it comes from the Irminger Current and crosses the strait, or it 
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flows north-eastward along the east Greenland Coast following a coastal counter current. 
Coastal counter currents are particularly subject to terrigeneous matter inputs, but the absence 
of any concentration increase or Precambrian influence on the εNd value precludes this 
possibilit y. Therefore, AW likely comes from the Irminger Current and crosses the strait. The 
flow in the Denmark Strait being in a very large majority southwestward orientated, a limb of 
the Irminger Current crossing the whole strait uninterruptedly is hardly imaginable. Moreover 
the absence of AW at station West suggests that its transportation is due to discontinuous 
structures. One has therefore to invoke a small dimension structure (at the strait scale), which 
is able to cross the strait without being entrained by the EGC. It is therefore probable that the 
AW found at the mouth of the Nansen Fjord crossed the strait within eddies. Eddy formations 
in the Denmark Strait have been described in several papers (Krauss and Käse, 1998; Spall 
and Price, 1998). 

 
 
5.     Conclusions 
 
During the Signature/GINS cruise (IFRTP, July-August 1999), DSOW had the 

following characteristics: -0.5<θ<0, 34.87<S<34.90, 28.01<σθ<28.05. Their Nd isotopic 
compositions were heterogeneous with a mean value of εNd = -8.7 ± 1.4, the mean Nd 
concentration being [Nd] = 3.2 ± 0.7 ppt. Despite the scatter in the data, the mean values are 
in good agreement with one previous measurement carried out downstream of the Denmark 
Strait (64°N, εNd = -8.6 ± 0.5, [Nd] = 3 ppt; Piepgras and Wasserburg, 1987). 

Waters having similar hydrological characteristics upstream of the Denmark Strait 
within the EGC, between 77°N and 70°N, had different Nd characteristics. Those were very 
homogeneous (εNd = -11.2 ± .2, [Nd] = 2.4 ± 0.1 ppt, 11unfilered samples). This constancy 
suggests the absence of terrigeneous input from the highly unradiogenic East Greenland 
margin into intermediate waters (flowing between 400 and 1000 m), corroborating 
conclusions based on dissolved aluminum measurements (Measures and Edmond, 1992). 

A detailed analysis of the DSOW samples showed the presence of unradiogenic 
particles (εNd ≈ -21) in some of the samples due to sediment resuspension. Those explain the 
observed heterogeneity. The fate of these particles downstream of the Denmark Strait could 
not be investigated, but the agreement between Piepgras and Wasserburg's value and our 
mean value suggests that they are carried with the DSOW at 64°N. 

DSOW not affected by unradiogenic particle inputs have a mean Nd isotopic 
composition of –7.9 ± 0.6 and a mean concentration of 3.5 ppt. This shift from the 
characteristics observed in the waters flowing within the EGC upstream of 70°N, could be 
explained by an input of lithogenic Nd on these waters or by the mixing with waters coming 
from the Iceland Sea. Although, we could not address the question of an Iceland Sea 
contribution in the present work, we showed that the dissolution of basaltic material bordering 
the strait can explain the observed shift. This input would correspond to the remobili zation of 
a 0.1 mm thick sediment layer over an area of 20 000 km2 per year, which is consistent with 
sediment accumulation rates in this area. 

Nd signatures helped identify AW at the Nansen Fjord mouth. They allow to conclude 
that this water mass probably crosses the strait within eddies from the Irminger Current. 
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