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Ocean circulation and global (regional) climate

TRACES Meeting FARO - Deep-water-corals and Paleoceanography

…. Through their fluid motions, their high heat capacity, and 
their ecosystems, the oceans play a central role in shaping 
the Earth’s climate and its variability…. 

The atmosphere does not have much capability to store heat. The 
heat capacity of the global atmosphere corresponds to that of only 
a 3.2 m layer of the ocean. 

How does the ocean influence the earth climate 
system through time and vise versa ?



The role of ocean circulation in climate dynamics

Surface: 
wind forcing - latitudinal heat transport - deep convection 

- well mixed - sea ice cover - productivity (years)

Deep ocean
thermohaline circulation - poorly mixed -

latitudinal heat transport - carbon storage (centennial variability)

Intermediate Ocean:
Eddy driven ? - vertical heat exchange across 
thermocline - nutrient recycling (decades ?)

If corals record temperature, ventilation, flow, productivity, etc…
its the one of the intermediate to deep ocean !



Temperature and Salinity
(annual mean)
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Wind-forcing, Buoyancy forcing, Eddy-driven flow, Deep convection, upwelling …





from: Liu 2006, Steig and Alley 2002

Rapid climate change was observed in 
Greenland Ice cores



Ocean circulation does show similar oscillations

Curry and Oppo 2005



Why deep-water corals as oceanographic 
archive ?

They lives where the currents move fast 
(Gateways)

They grow quickly and over long times scales
(Time-resolution variable: mm/yrs for single species cm/kyrs for
Coral reefs)

Their skeleton monitors environmental parameters (vital processes)
and it can be precisely dated
(Temperature, Salinity?, Productivity, pH, etc…)
(Dating: 230Th/U, 210Pb, Ra/Ba, 14C, …)

They incorporated ventilation and advection tracers 
applied in modern oceanography
(Nd-isotopes, 14C)



Distribution of deep-water and tropical corals

Key areas of intermediate and 
deep water production and flow !



Tropical corals
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What about long time series?
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U-series dating of framework builders



-> Coral development on mounds depends on 
climate ?



Age pattern of solitary deep-water corals
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Adkins et al. 1998, Mangini et al. 1998, Frank et al. 2004/2005, Robinson et al. 2005, 
Schroeder-Ritzrau et al. 2004, etc….



Solitary corals (30°-50°N) seem almost independent to 
climate and thus temporal records can be constructed from 
large sample collections by age determination of each 
specimen !



1998

Nature 1998

Science 1998

We have two radioactive clocks in
deep-water corals !



Coral aragonite originates from seawater 
bicarbonate. Its 14C activity depends on

1) the 14C activity of seawater at the time of 
coral growth and 
2) on the age of the coral itself (radioactive 
decay T½ = 5730a) 

Knowing the age of the coral (U-series dating) 
allows thus to reconstruct seawater 14C.



Natural 14C   14N + n 14C + p
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WOCE - Transatlantic section

New England Seamounts

Rockall Bank

Natural 14C as ventilation tracer

Radioactive decay and mixing



Robinson et al. 2005



Nd Biosphere 
turnover of 

different pools

River run off

Dust transport

Shelf Exchange

Hydrothermal sources ?

Nd in the Ocean

Corals incoorporate Nd from seawater
at very low concentrations (~10ng/g)



Isotopic signature of Nd-sources
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εNd- in the eastern North Atlantic intermediate water
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Temperature reconstruction from C and O 
isotopes

Lutringer et al. (2005)

seawater

seawater

δ18Oi ~ TCenters of calcification cause large kinetic
Isotope fractionation (vital effect)
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What can corals tell on water mass
characteristics ?
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FOR TRACES: Key issues: 

Dates, Dates, Dates….

Study corals along with oceanic gateways and major current 
pathways! (Transect north 55°, temperate 27°, South -40°)

Calibrate novel tracers ?
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