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Carbonate Saturation

State Ω
Dissolution/precipitation of inorganic marine

CaCO3 controlled by saturation state: 

Ω = [Ca2+][CO3
2-]/Ksp 

where Ksp is the solubility product







Ocean Acidification

Carbonate saturation and predicted rise in  pCO2



Calcification/Dissolution Response
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Corals and Reefs in the Geologic Past and 

Their Response to CO2 and Sea Chemistry 

Changes 



GEOCARB III (Berner and Kothavala 2001); COPSE (Bergmann et al. 2004); 

Rothman (2001); Royer et al. (2004). 
Robert A. Rohde Global Warming Art Project

http://en.wikipedia.org/w/index.php?title=GEOCARB_III&action=edit
http://en.wikipedia.org/w/index.php?title=COPSE&action=edit


Modern Corals Secrete Skeletons 

of CaCO
2  

in form of Aragonite 

(Mg rich)

Aragonite



Ancient Paleozoic Corals secreted 

Skeletons of CaCO
2 

in the form of calcite (Ca rich)



In geologic time Earth’s Oceans have changed 

in Mg/Ca ratios in cycles favoring either calcite 

or

aragonite as the preferred skeleton



Not Just CO2  

Concentration



Energetics of  the Reaction



Justin Reis

Woods Hole Laboratory
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Diverse Triassic 

scleractinians
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Naked Coral Hypothesis
(Stanley & Fautin 2001)

(Stanley, 2003)

Idea that the coral skeleton is ephemeral

with respect to calcification (i.e. can exist  as a    

soft-bodied anemone or with a skeleton)

Triassic Coral Modern Scleractinian =

Hexacoral

Modern

Corallimorpharian



PNAS June 13, 2006

• Genetic closeness of one clade of coral 

with a group of anemone

• Complete mitrochondrial data



Scleractinians originated   300 

mya -- long before their initial 

appearance in the mid-Triassic

110-132 mya (Early Cretaceous) 

coinciding with high CO2 levels and 

low Ca solubility, the calcified 

skeleton was lost but the “naked” 

anemone continued 



Stanley & Fautin 2001   Science

X   X



Veron (1996)



Changing Ca/Mg in seawater?

OR  Increase in pCO2 and solubility

Physiological responses to 

changing ocean chemistry

Robert Nicholls

What caused Corals to go naked?



Kiessling et al. 2008

Coral Diversification Rates 
(PaleoReefs Database) 

• Mass extinctions (dashed lines) not associated with change in Ca/Mg ratios

• No evidence of reduced extinction rates or greater origination/diversification

rates for aragonite corals than calcite corals



Mass Extinctions



Five events stand out





GEOCARB III (Berner and Kothavala 2001); COPSE (Bergmann et al. 2004); 

Rothman (2001); Royer et al. (2004). 
Robert A. Rohde Global Warming Art Project

http://en.wikipedia.org/w/index.php?title=GEOCARB_III&action=edit
http://en.wikipedia.org/w/index.php?title=COPSE&action=edit


Corals



Ocean cooling or warming 

Sunlight reduction

Eutrophication of the sea

Release of methane and other           

greenhouse gases 

Ocean acidification





Mass extinction and rapid reef collapse 

Global perturbation of oceans involve events of                 

acidification  

Loss of calcifiers (corals)

Reefs eclipse (1-10 Ma) – Delayed recovery

Extinction Patterns For Reefs



Leading to Acidification of seawater

Increase in pCO2

Robert Nicholls

Physio-Chemical Consequences



Robert Nicholls

Changes in sea chemistry would promote 
loss of skeleton

An adaptive and physiological 
response to sea chemistry change

Geochemical Changes Affect 

Calcification 





End Permian Mass Extinction

Perturbation of ocean chemistry 

after the mass extinction

“Strangelove

Ocean”

CO2

850-5,000 ppm



END –TRIASSIC EXTINCTION

• CO2 increased from 600-2400 ppm

• Major collapse of reefs and carbonates



* Permo-Triassic extinction

End-Triassic extinction & reef collapse

Mega-Reef Greenhouse -- Jurassic-Cretaceous

K-T extinction & reef collapse

850-5,000 ppm CO2

600-2400 ppm CO2

1000-3000 ppm CO2

May accounts for the 

unexplained delayed 

recovery of reefs

Ocean Acidification



SCIENCE 





OCEAN ACIDIFICATION

NOTHING TO WORRY ABOUT





Ocean Warming



“The world without corals is like a Van Gogh 

painting without color”

Joan Kleypas



• Can predicted ocean acidification result in the 

dissolution of reef corals?

• The “Naked Coral” hypothesis: more studies 

needed on physio-biochemistry of the coral 

skeleton in response to high CO2

FUTURE RESEARCH

• Do dramatic increases in pCO2 correlate with

disappearance of ancient reefs?
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