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ACEX: Background and Highlights!
!
ACEX2: IODP Proposal 708-Full !
!
AMEX2: Polarstern Expedition 2014!



(Stein et al., 2014 - based on Thiede et al., 1990; Backman et al., 2008; Stein, 2008)!
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Arctic Ocean drilling: Emerging fields / new topics / unknown areas!
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Exp 323!

Leg 104!

Leg 105!
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ACEX Science Party, 2004!
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(Stickley et al., 2009)!

Early Eocene Paleogeography 

??!

Black shales !
near the North Pole!
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Black shales !
near the North Pole!



(Jakobsson et al., 2007)!
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 When did the transition from poorly oxygenated to fully oxygenated !
conditions occur ???!



IODP - ACEX!

47 Ma: Early Arctic Sea Ice!

Moran et al., Nature 2006!
St. Johns, Paleoceanography 2008!
Stickley et al., Nature 2009!

Brinkhuis et al., Nature  2006!

49 Ma: A fresh Arctic Ocean!

Pagani et al., Nature 2006; !
Slujs et al., Nature 2006, 2008;!
Stein et al., GRL 2006; !
Weller and Stein,  Paleoceanography 2008!

PETM (55 Ma) and EECO (50 Ma):!
wet and warm (24°C) Ocean;!
euxinic conditions!
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ACEX Chronology: Still under debate !! 



 (Stein et al., 2014) 

Onset of Arctic sea ice 

45 

46 

47 

48 

-298 
-293 
-288 
-283 
-278 
-273 
-268 
-263 
-258 
-253 
-248 
-243 
-238 
-233 
-228 
-223 
-218 
-213 
-208 
-203 
-198 

0 5 10 15 20 

IRD 150-250 µm (%) 
Abundance of C37:4 alkenone 
in the sum of C37 alkenones (%) 

Maximum number of Fe grains  
from sediment source > 1 yr drift 

0 20 40 60 

Total needle-shaped 
Synedropsis spp. (%) 

FAO (22.1%) 

FO (0.32%) 

A
ge

 (M
a)

 

SST (°C) 

Decrease in salinity 
(Melting of sea ice 
and/or icebergs 
during summer?) 

LO of warmer water  
diatoms P. danica  
and P. aculeifera 

Age model  

-298 
-293 
-288 
-283 
-278 
-273 
-268 
-263 
-258 
-253 
-248 
-243 
-238 
-233 
-228 
-223 
-218 
-213 
-208 
-203 
-198 

0 5 10 15 20 

D
epth (m

cd) 

Perennial sea ice 
(>5 grains) 

38 

40 

42 

44 

46 

48 

(1) Backman et al. (2008) 
(2) Poirier and Hillaire-Marcel (2011) 	


(1) 	
(2) 	


R. Stein: IODP Arctic Ocean Drilling  (ECORD ILP Meeting, Edinburgh, June 11/12, 2014)!

ACEX Chronology: Still under debate !! 



(Stein et al.,  2014) 
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Cenozoic Arctic paleoceanography and  glaciation history: !
From Greenhouse to Icehouse!

 
	


First evidence for the establishment 
of an offshore winter sea-ice regime 
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Arctic Ocean drilling: Emerging fields / new topics / unknown areas!
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Leg 151!

Exp 323!

Leg 104!
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IODP Arctic Ocean: Ideas and Proposals!

Cenozoic paleoceanography 
(ACEX-2) 

Opening of Fram Strait / 
Neogene paleoceanography; 
Greenland ice-sheet history 

Mesozoic paleoceanography 
(„Black shales“) 

Ice-sheet history; 
Pacific gateway; 

Neogene paleoceanography 

Ice-sheet history; 
Freshwater discharge 
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Water depth: 3684 m
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ACEX2 

(Hegewald and Jokat, 2013)  
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ACEX2 - 708-Full (Stein et al.,  2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 



(http://iup.physik.uni-bremen.de) 
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ACEX2 - 708-Full (Stein et al.,  2014) 



SEP Review (February 28, 2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 



ECORD Facility Board Meeting (Bremen, March 05-06, 2014) 
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ACEX2 - 708-Full (Stein et al.,  2014) 



Polarstern 2008 (AMEX_1)!

Cruise tracks / study areas!
!
Polarstern ARK-XXIII/3!
AMEX1!
(Aug 12 – Oct 19, 2008)!
Chief scientist: W. Jokat!
! Polarstern 2014 (AMEX_2)!

!
Polarstern ARK-XXVIII/4!
AMEX2 (scheduled)!
(Aug 05 – Oct 09, 2014)!
Chief scientist: R. Stein!

!
!R. Stein: IODP Arctic Ocean Drilling  (ECORD ILP Meeting, Edinburgh, June 11/12, 2014)!
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ARK-XXVIII/4!
(Stein et al. 2014)!
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ARK-XXVIII/4!
(Stein et al. 2014)!
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 (Clark 1977; Thiede et al. 1990)!
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ARK-XXVIII/4!
(Stein et al. 2014)!



Geosciences – Overall goals!

(1) High-resolution reconstruction of changes in 
paleoclimate, paleoceanic circulation, 
paleoproductivity, and sea-ice distribution during Late 
Quaternary  

(2) Reconstruction of long-term history of the Mesozoic 
and Cenozoic Arctic Ocean and its environmental 
evolution from a warm (Greenhouse) to an ice-covered 
polar (Icehouse) ocean  

Marine Geology 

(1) Reconstruction of the tectonic and sedimentary 
evolution of the Arctic Ocean and the adjacent 
continental shelves  

(2) Gathering tie lines to existing profiles for 
correlating their age model into the new lines 

Marine Geophysics 
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Geosciences – Overall goals!

IODP Site Survey	


Mesozoic paleoceanography 
(„Black shales“) 

New IODP Pre-Proposal:!
(to be submitted for deadline April 2015)!
- MeBo Drilling Expedition!
- RV Polarstern 2019/2020?!

Cenozoic paleoceanography 
(ACEX-2) 

Addendum for 708-Full!
- Revised site location!
- Revised drilling depth	
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ARK-XXVIII/4!
(Stein et al. 2014)!

New Polarstern Proposal: 
(to be submitted for September 2014) 
- MeBo Drilling Expedition 2019/2020 



Thank you very much. 
 

Questions ???? 
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