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Introduction Ocean bi-polar seesaw: Southern meltwater events -
global ocear
Understanding ocean circulation and sea level change in the past (and Model simulations demonstrate that meltwater impacts in one hemisphere may AP S e N S S S
foreseeable future) is one of the focal points of paleoceanography. Sea  lcad to strengthening ot the thermohaline conveyor driven by the source in the ¥ BIANER P
level may change due to several primary causes, including the meltdown  opposite hemisphere. This leads to significant changes in poleward heat transport = o4 /' ' o
of the major ice sheets, sea ice melting, and changes in the thermohaline  and to either deepsea warming or cooling, which may 1n return lead to sea level : §§ §§
structure of the oceans. The sensitivity of the past ocean circulation to ~ changes. 12 o moman o || 12
meltwater impacts may have been different from the present-day. We still s . , === . === £ 20 I 2
have only a vague understanding of how ocean basin geography may i i X - ng ——# 20 28
influence the freshwater impacts in different oceans; the role of geography : : : %/ ac B 20 ae
1s 1mportant for reconstructing variability of past climates with ° : ° ' R

substantially different land-sea distributions. As freshwater impacts 1n

past geologic eras having different basins configurations may have been Figure 3: Sketch of bipolarity of deep-ocean dynamics. A:Present-day ocean; NADW— North Figure 10: Northward heat transport (in PW; 1 PW

. ] Ce Atlantic Deep Water, AABW—Antarctic Bottom Water. (b) Sea ice melting in Southern Hemisphere = 10"W) in the Global Ocean
different from the present-day pattern, the sensitivity of the ocean (SH); NHW—Northern Hemisphere water, SHW—Southern Hemisphere water. (c) Sea water

CerUIa.tlon to sea surface density impacts and climate change could have freezing in SH. Note that NA present-day overturning is shown, whereas (b, ¢) global overturning
been different as well. can be only estimated. Arrowed lines show schemes of global meridional overturning. Direction of

We use the Eocene-Oligocene geometry (55 Ma; Figure 1) and climate to  cross—equatorial oceanic heat transport is shown by arrows above each scheme.
address the past ocean and sea level long-term internal variability because
this time slice provides a substantially different geometry and for a strong
sea 1ce impact that can be seen 1n the geologic record. The Eocene epoch 1s

crucial as a transition from the warm Cretaceous ocean to cooler oceans :
that may have been subject to bi-polar millennial-scale oscillations of the  Figure 4: Mendional overturning in the World Ocean: (a) Cntrl (#1); (b) #2; (¢) #3; (d) #5; (e) #6; (1) #8 (see Table 1). Streamfunction 1s shown in Sv (1 Sv=1
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superimposing freshwater layers over sea surface salinity. Eocene sea Figure 5: Temperature sections in the Atlantic Ocean at 32°W: (a) Cntrl (#1); (b) #2; (c) #3; (d) #5; (e) #6; (f) #8 (see Table 1).
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surface temperature and sea surface salinity are specified based on the 3) - e C) TR g d) e
paleoclimatic record and modeling. In our simulations, the Eocene ocean - 1=1 4 1=1 =i
° ° ° ° ° ° ° ° 00-. s — %
circulation 1s 1indeed sensitive to freshwater impacts in the Southern - & ~— '® g° ° . = — ® §g° . N 3
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Hemisphere. There are noticeable sea level changes caused by the T T : N
. ° L4 . 6.
restructuring of the deep ocean thermal and haline fields linked to the Figure 6:As
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Table 1: Amphtudes of sea surface sahmty anomalies (111 pSU.) in Southern Hemi sphere S s o e . e S S e S s e e s st v e e e s S L
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Experiment:  Cntrl (#1) #2 #3 4 #3 #6 #7 #3 ,
1 » » » O . . . . . .
Anomaly [psul: 0 05 10 15 Xt 05 10 X Figure 7: Salmity sections i the Atlantic Ocean at 32°W: (a) Cntrl (#1); (b) #2; (¢) #3; (d) #35; (e) #6; (f) #8 (see Table 1).
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Figure 8: As m Figure 7 for the Pacific Ocean at 170°W.
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Figurel: Eocene bottom topography Figure 2: Sea surface salinity anomaly (npsu)  Figure 9: Sea level change realtive to control experiment Cntrl (#1)




