
Marine Productivity

Global map of ocean color from SEAWIFS satellite

chlorophyll →phytoplankton (where the nutrients are)

remember upwelling and convection?

15



Marine Biosphere Organic Carbon Cycle
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Marine Organic C Cycle
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CO2(aq) + nutrients

Photosynthesis

CO2(g)

decay
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Marine Organic C Cycle
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Marine Organic C Cycle

Surface Ocean

Deeper Ocean

CO2(aq) + nutrients

Photosynthesis

a tiny bit to sediments

CO2(g)

decay
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Marine Biological OrgC Pump: Key Points

CO2 and nutrients

“pumped” down by biota

Thermo-Haline 

Circulation

1. Surface depleted (relatively) in C and nutrients

2. Deep ocean enriched in C and nutrients

3. Sinking of OrgC net pumps atm. CO2 into ocean 

–a net sink of CO2 on ~1000 year timescale

Surface Ocean

Deeper Ocean

~1000 yrs

OrgC + O2 CO2(aq) 21



Poll Question



Slow Carbon Cycles
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Large (but slow) 

natural changes 

carbon



Reservoirs of Carbon

Atmosphere

790 Gtons

Ocean

3.7x104 Gtons

Lithosphere

4x107 Gtons

Mainly as CO2

Mainly as HCO3
-

Mainly as CaCO3

Carbon in the atmosphere and oceans mostly inorganic
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Biosphere

2x103 Gtons
Mainly as OrgC



CO2 Dissolution Into Ocean Water

Surface Ocean

Deeper Ocean

CO2(aq)

CO2(g)
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CO2 Dissolution Into Ocean Water

Surface Ocean

Deeper Ocean

H2OCO2(aq)

CO2(g)
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CO2 Dissolution Into Ocean Water

Surface Ocean

Deeper Ocean

CO2(g)
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Shell Formation (A Short-term InorgC Cycle)

Surface Ocean

Deep Ocean

CO3
2- + Ca2+

Shell formation

death/shells sink

CaCO3(s)
Inorg C

dissolves slowly

Slow

THC

Small amnt to sediments

28

CaCO3(s)



The “Ultimate” InorgC Cycle

CaSiO3 + CO2(g) CaCO3 + SiO2
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Weathering and Volcanism: Rocks Do Chemistry
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Example of Weathering (CaCO3 dissolution)
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Silicate Weathering (simplified)

CaSiO3 Rock

CO2 (atm)

CaSiO3 Rock

CaCO3 + SiO2

Oceans

Ca2+

CO3
2-

SiO2

Rain/runoff

Chemical Weathering Rate

→Faster with higher CO2, 

higher T, higher rainfall
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