
�>���G �A�/�, �?���H�@�y�R�9�d�k�y�8�d

�?�i�i�T�b�,�f�f�?���H�@���K�m�X���`�+�?�B�p�2�b�@�Q�m�p�2�`�i�2�b�X�7�`�f�?���H�@�y�R�9�d�k�y�8�d

�a�m�#�K�B�i�i�2�/ �Q�M �k�y �6�2�# �k�y�R�d

�>���G �B�b �� �K�m�H�i�B�@�/�B�b�+�B�T�H�B�M���`�v �Q�T�2�M ���+�+�2�b�b
���`�+�?�B�p�2 �7�Q�` �i�?�2 �/�2�T�Q�b�B�i ���M�/ �/�B�b�b�2�K�B�M���i�B�Q�M �Q�7 �b�+�B�@
�2�M�i�B�}�+ �`�2�b�2���`�+�? �/�Q�+�m�K�2�M�i�b�- �r�?�2�i�?�2�` �i�?�2�v ���`�2 �T�m�#�@
�H�B�b�?�2�/ �Q�` �M�Q�i�X �h�?�2 �/�Q�+�m�K�2�M�i�b �K���v �+�Q�K�2 �7�`�Q�K
�i�2���+�?�B�M�; ���M�/ �`�2�b�2���`�+�? �B�M�b�i�B�i�m�i�B�Q�M�b �B�M �6�`���M�+�2 �Q�`
���#�`�Q���/�- �Q�` �7�`�Q�K �T�m�#�H�B�+ �Q�` �T�`�B�p���i�2 �`�2�b�2���`�+�? �+�2�M�i�2�`�b�X

�G�ö���`�+�?�B�p�2 �Q�m�p�2�`�i�2 �T�H�m�`�B�/�B�b�+�B�T�H�B�M���B�`�2�>���G�- �2�b�i
�/�2�b�i�B�M�û�2 ���m �/�û�T�¬�i �2�i �¨ �H�� �/�B�z�m�b�B�Q�M �/�2 �/�Q�+�m�K�2�M�i�b
�b�+�B�2�M�i�B�}�[�m�2�b �/�2 �M�B�p�2���m �`�2�+�?�2�`�+�?�2�- �T�m�#�H�B�û�b �Q�m �M�Q�M�-
�û�K���M���M�i �/�2�b �û�i���#�H�B�b�b�2�K�2�M�i�b �/�ö�2�M�b�2�B�;�M�2�K�2�M�i �2�i �/�2
�`�2�+�?�2�`�+�?�2 �7�`���M�Ï���B�b �Q�m �û�i�`���M�;�2�`�b�- �/�2�b �H���#�Q�`���i�Q�B�`�2�b
�T�m�#�H�B�+�b �Q�m �T�`�B�p�û�b�X

�h�?�2 �H���i�2 �S�H�B�Q�+�2�M�2 �"�2�M�;�m�2�H�� �m�T�r�2�H�H�B�M�; �b�i���i�m�b �`�2�p�B�b�B�i�2�/ �#�v
�K�2���M�b �Q�7 �K�m�H�i�B�T�H�2 �i�2�K�T�2�`���i�m�`�2 �T�`�Q�t�B�2�b

�:�m�B�H�H���m�K�2 �G�2�/�m�+�- �.�B�2�i�2�` �:���`�#�2�@�a�+�?�º�M�#�2�`�;�- �J���`�+�m�b �_�2�;�2�M�#�2�`�;�- �*���K�B�H�H�2

�*�Q�M�i�Q�m�t�- �C�Q�?���M �1�i�Q�m�`�M�2���m�- �_���H�T�? �a�+�?�M�2�B�/�2�`

�h�Q �+�B�i�2 �i�?�B�b �p�2�`�b�B�Q�M�,

�:�m�B�H�H���m�K�2 �G�2�/�m�+�- �.�B�2�i�2�` �:���`�#�2�@�a�+�?�º�M�#�2�`�;�- �J���`�+�m�b �_�2�;�2�M�#�2�`�;�- �*���K�B�H�H�2 �*�Q�M�i�Q�m�t�- �C�Q�?���M �1�i�Q�m�`�M�2���m�-
�2�i ���H�X�X �h�?�2 �H���i�2 �S�H�B�Q�+�2�M�2 �"�2�M�;�m�2�H�� �m�T�r�2�H�H�B�M�; �b�i���i�m�b �`�2�p�B�b�B�i�2�/ �#�v �K�2���M�b �Q�7 �K�m�H�i�B�T�H�2 �i�2�K�T�2�`���i�m�`�2 �T�`�Q�t�B�2�b�X
�:�2�Q�+�?�2�K�B�b�i�`�v�- �:�2�Q�T�?�v�b�B�+�b�- �:�2�Q�b�v�b�i�2�K�b�- ���:�l ���M�/ �i�?�2 �:�2�Q�+�?�2�K�B�+���H �a�Q�+�B�2�i�v�- �k�y�R�9�- �R�8 �U�k�V�- �T�T�X�9�d�8�@�9�N�R�X
���R�y�X�R�y�y�k�f�k�y�R�j�:�*�y�y�9�N�9�y���X ���?���H�@�y�R�9�d�k�y�8�d��



The late Pliocene Benguela upwelling status
revisited by means of multiple temperature proxies

Guillaume Leduc
Institute of Geosciences, University of Kiel, Kiel, Germany

Now at CEREGE, UMR7330, Aix-Marseille Universit�e, CNRS, IRD, Europ̂ole de l•Arbois, BP80, 13545, Aix-en-
Provence CEDEX 4, France (leduc@cerege.fr)

Dieter Garbe-Schönberg and Marcus Regenberg
Institute of Geosciences, University of Kiel, Kiel, Germany

Camille Contoux
Laboratoire des Sciences du Climat et de l•Environnement/IPSL, CEA-CNRS-UVSQ, UMR8212, Orme des Mer-
isiers, CE Saclay, Paris, France

SISYPHE, Universit�e Pierre et Marie Curie & CNRS, UMR7619, Paris, France

Johan Etourneau
LOCEAN, CNRS/UPMC/IRD/MNHN, UMR7159, Paris, France

Ralph Schneider
Institute of Geosciences, University of Kiel, Kiel, Germany

[1] As compared to the late Pleistocene, Alkenone-based sea surface temperature (SST) in the Benguela
region revealed relatively warm and stable SST recorded between� 3.5 and 2.0 Ma, and coincide with a
period of increasing biological productivity as revealed by increasing deposition of biogenic opal. We
assess how the hydrological patterns recorded in SST proxies are embedded in the geological record by
performing a proxy-proxy comparison. We used Laser-Ablation Inductively Coupled Plasma-Mass
Spectrometry to measure the Mg/Ca on the planktonic foraminifera speciesGlobigerina bulloides,
allowing in situ measurements of Mg/Ca on individual foraminiferal tests. Mg/Ca-derived temperatures
provide much colder temperatures than alkenone-derived SST by up to 10� C. We build a scenario
involving contrasting sensitivities of paleothermometers upon the annual cycle, namely alkenones
preferentially capturing SST when the surface ocean is warmer than the mean-annual average SST, and
G. bulloides capturing SST when upwelling intensi“es. Multichamber analysis also suggests that
G. bulloidesmigrates below the sea surface while calcifying its last chambers prior to gametogenesis,
allowing the extraction of both surface and subsurface temperature from Mg/Ca measured on different
chambers. The range of temperatures recorded between our multiple SST proxies is supported by the
range of temperatures simulated with a general circulation model when different seasons, different water
depth and different orbital con“gurations occurring during the late Pliocene are considered. A greater
seasonal cycle in SST during the Pliocene can account for alkenone and Mg/Ca-derived temperature
contrast, pointing to a radically different mode of upwelling activity in the Benguela region compared
to today.
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