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The marine record of the last 5 Million Years
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Glacial and Deglacial 
Sequence from the 
Cariaco Basin in the 

Caribbean



Foraminifera picked from 
the sediment and corals 
from the surface ocean 

are two of the main 
repositories of past 
climate information



Carbonate dominates the record, but it is also very useful

12C16O16O:  mass 44
13C16O16O:  mass 45
12C16O18O:  mass 46

CaCO3

Me:Ca ratios
Minor: Sr, Mg
Trace: Cd, Ba, Zn
Isotopes: B, Nd, Ca, Sr, Mg 



H218O + CO3= ⇔ H2O + CO218O=

And
Ca++ + CO3= ⇒ CaCO3

Then Overall...

CaCO3 + H218O ⇔ CaCO218O + H2O

And...

So why is this 18O/16O ratio helpful?

(18O/16O)solid

(18O/16O)water
∝ Keq, So the isotopic ratio of the solid is a function of 

temperature and the 18O/16O ratio of the water.



T=16.5-4.3(δc-δw)+0.14(δc-δw)2

Epstein et al., 1953

Shackleton (1974) changes curve for cold water based on Uvigerina data:
T=16.9-4.0(δc-δw)

The first Paleo-temperature Equation



Kim and O’Neil, 1997

Inorganic Calcite Precipitation Experiments

Where Δ = 1000ln(αCalcite-Water)



In the early 1990’s our whole view changed:
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In the early 1990’s our whole view changed:
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Ice Core from the Summit of Greenland



Some real success with 
isotopes in corals

Annual density banding

Modern

125 ka



Vostok, Antarctica Ice Core Gases and Temperature

CO2

CH4

Temperature

Forcing
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North Atlantic 
Deep Water 

(NADW)

Antarctic 
Bottom Water 

(AABW)



The Distribution of Dissolved Inorganic Carbon in the Ocean

In these units the modern surface [H2CO3] (which sets the pCO2) is ~25.
Overall, there is ~60x more carbon in the ocean than in the atmosphere
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Tip 4

50 cm long E. rostrata
-picked alive in Sept. 2001

5 cm long D. dianthus
-fossil collected in 2003

Two of our key targets

These are Uranium rich, good absolute age control
And, not ‘bioturbated’, perfect relative age control



Where to go look for deep-sea corals
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Home away from home (in 2003), the R/V Atlantis...



On the R/V Thompson’s bridge in the Southern Ocean











Home away from home (in 2003), the R/V Atlantis...
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Your Window Seat View of Caltech from 2500 meters up

You are here



The Autonomous Submarine ‘ABE’

Many, many sensors, but we use the maps and photos
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ABE 105 - Manning Seamount (5 meter contours)
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ABE Photo Mosaic, from 5 meters

-Each image is ~5 meters wide

Sponges

Winnowed Sediment

SpongesSponges

Living Coral

Fossil Coral



The ROV ‘Jason’

The submersible ‘Alvin’

5 cm long D. dianthus
-fossil collected in 2003
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Ted McConnaughey’s work 
in 1989 and the clear 

presence of “vital effects”

Many different marine calcifiersTwo corals from a single time horizon



Bemis et al. (1999)



The Paleoclimate “Black Box”

Seawater

Deep-Sea Coral
Biomineralization

Thermodynamics/
Kinetics

“Vital Effects”

Inorganic
CaCO3

Biogenic
CaCO3

DSC
CaCO3

Seawater

Seawater



36544-1D

 

The U distribution in our corals

Close up of fission tracks



Mg/Ca from micromilling 
and ID-ICP-MS
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Bilipid Layer

A simplified view of the coral’s “mother liquor”



 

A break in the δ13C/δ18O slope is trouble for kinetics



Carbonic Anydrase in the coral Tubastrea sp.

Calcification rate with a CA inhibitor Western blots of CA in whole tissue 
and the skeletal organic matrix
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Immunolocalization of 
CA in the coral 

calcioblastic tissue
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Bilipid Layer

A simplified view of the coral’s “mother liquor”

An alkalinity pump

A passive carbon source



Tot CO2=2260 µmole/kg
Alkalinity=2375 µeq/kg
δ13C of DIC = 1.0 ‰

CO2 (g) = -8.8 ‰

CO2 (aq) = -10.1 ‰

HCO3 = 1.3 ‰

CO3 = -1.8 ‰

Atmosphere

Ocean

CaCO3 (solid) = 2.3 ‰
Sediments

Carbon Isotopes at Equilibrium
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A simple model 
without kinetics
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Schematically the master variable is pH, driven by 
the coral’s alkalinity pump
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