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Global calcium carbonate dissolution 

50 – 70% OF CARBONATE 
PRODUCED IS DISSOLVED 
IN THE UPPER OCEAN. 

High-Mg Calcite – Aragonite – Calcite  



Understanding Environmental Impacts 
Duration w Intensity w Extent 

Pteropod exposed to ocean pH expected in 2100!
Photograph by David Liitschwager, National Geographic Images, from !
http://ww2.mdsg.umd.edu/CQ/v11n1/main1/, accessed 27 Sept 2013!

Early life stages of Red King Crab!
Alaska Fisheries Science Center!

Red King Crab habitat  
(Paralithodes camtschaticus) 

Blue King Crab habitat  
(Paralithodes platypus) 
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Observations show that undersaturations are 
already present in the Bering Sea.   



Direct observations of geochemical 
dissolution 

Dissolution 

Dissolution 
Dissolution Dissolution 



Direct observations of geochemical 
dissolution 
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Indirect observations of geochemical 
dissolution 
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Mechanisms driving geochemical 
dissolution 

ANTHROPOGENIC ACIDIFICATION IS 
NOT THE ROOT CAUSE OF ALL 
CARBONATE MINERAL DISSOLUTION.  

•  Biological pump 
•  Natural volcanic 

laboratories 
•  Upwelling systems  
 
•  Reduction of calcification 
•  Biodegradation 
•  Mechanical breakdown 



The Anthropogenic Contribution 

Anthropogenic CO2 increases the intensity, extent,  
and especially duration of undersaturation events. 

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

0.5

0.75

1

1.25

1.5

1.75

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N
O

ce
an

 D
at

a 
Vi

ew

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N
O

ce
an

 D
at

a 
Vi

ew
 / 

DI
VA

0.5

0.75

1

1.25

1.5

1.75

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N
O

ce
an

 D
at

a 
Vi

ew
 / 

DI
VA

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N
O

ce
an

 D
at

a 
Vi

ewSpring!
ΩA!

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

0.5

0.75

1

1.25

1.5

1.75

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

65°N!

60°N!

55°N!

175°W! 165°W! 175°W! 165°W! 175°W! 165°W! 180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

0.5

0.75

1

1.25

1.5

1.75

2

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA

0.5

0.75

1

1.25

1.5

1.75

180˚E 175˚W 170˚W 165˚W 160˚W

55˚N

60˚N

65˚N

O
ce

an
 D

at
a 

Vi
ew

 / 
DI

VA 1!

0.5!

1.5!

2.0!

Bottom
 Ω

!

175°W! 165°W!

Summer !
ΩA!

Fall!
ΩA!

Fall!
ΩC!

O
ce

an
 D

at
a 

Vi
ew

!

Cross, J.N., Mathis, J.T., Bates, N.R., and Byrne, R.H., 2013. Marine Chemistry, 154, 100-112. !

We estimate approximately 66.5 μmol kg-1 of  
anthropogenic CO2 is dissolved in the Pacific Arctic.  
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THESE PERSISTENT UNDERSATURATIONS RESULT IN 
CARBONATE MINERAL DISSOLUTION.!

The Anthropogenic Contribution 

Without 
anthropogenic 
CO2, these 
undersaturations 
are too weak 
and too short  
to cause 
dissolution.!

Cross, J.N., Mathis, J.T., Bates, N.R., and Byrne, R.H., 2013. Marine Chemistry, 154, 100-112. !



Charting the Way Forward 



In-situ observations of geochemical 
dissolution 



Broad scale sedimentary response 
over continental shelves 

‘A geological 
marker for the 
Anthropocene 

Epoch’ 



Summary 

•  Ecosystem level concerns are driving 
observations of acidification-driven 
dissolution.  

•  Geochemical and SEM evidence shows 
shallow water dissolution 

•  Broad sedimentary response of high-Mg 
calcites expected by 2100 



Questions? 


