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•Ocean basins, elements cycling and salinity, thermocline, 

ocean circulation  1.15hr. 15 min. break (14:30-16:00)

•Biological oceanography: Nutrients, oxygen, productivity, 

food web, vertical fluxes, bottom processes 45. min. (16:00-

16:45)

•Global and ocean carbon cycle, carbonate chemistry, pH, 

alkalinity, DIC, ocean acidification 1. hr including 5min 

break (16:45-17:45)

•Coral reefs, ocean acidification bleaching 45min (17:45-

18:30)



Earth from space: 

2/3 is covered by 

ocean.

Land is 

concentrated in 

the Northern 

hemisphere

The atmosphere 

is circulating 

above land and 

sea
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Cyclic and vectorial phenomena
ÅCyclic

ÅOrbital cycles (day night, lunar, year, Milankovich cycles)

ÅClimatic cycles (interaction of the above with ocean and 
land: seasons, glacial cycles)

ÅGeological Geochemical and Biological cycles (Ocean 
circulation, plate tectonics)

ÅVectorial

ÅCreation of the universe (elements, stars) 14 Giga Yr

ÅSegregation of elements on Earth 4.5 Giga Yr

ÅBiological evolution 3.8 Giga Yr

ÅMan and its influence ? 2 Mega Yr

ÅMega= 106          Giga= 109         Tera= 1012         Peta=1015



The Biogeochemical Cycles

ÅReservoirs

ÅFluxes

ÅProcesses 

Reservoir 1 Reservoir 2

in

out
in

out
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The water cycle

Greenhouse gases

H2O, CO2, CH4, O3 N2O



Some simple calculations
(rounded numbers)

resevoir size 

10
3
 Km

3

process rate 

10
3
 Km

3
/Yr

residence 

time (Yr)

Ocean 1,340,000      430 3000

Water on land 16,000           115 140

glacial Ocean 1,290,000      

Ice during glacial 40,000           0.35

groundwater 16,000           2 8000

Reservoir

103 Km3 = 1012 m3 = Tera m3

(evaporation)

(flow to ocean)

Glaical cycle

(flow to ocean)
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MODIFIED MODEL OF THE GLOBAL CARBON 

CYCLE

Atmosphere

Ocean Mixed Layer 

Land 

plants
Soil

560 1,500

121

92

Increase 3 GT year-1

CO2+H2O      CH2O + O2

60 60

7506

90

Fossil fuel 

burning

Deep Ocean

750

38,000

Reservoir sizes in 1015 gC=GT

Fluxes in 1015 gC year-1

CH2O + O2 CO2 +H2O

CaCO3 +CO2+H2O        Ca+++2HCO3
-

Ca+++2HCO3
- CaCO3 +CO2+H2O

photosynthesis

calcification

oxidation

dissolution

Source: Schlesinger 1997
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Source (with thanks from everyone): C.D. Keeling and T.P. Whorf

Mauna Loa Monthly Carbon Dioxide Record:

Keeling Record  1958 - 1999
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Note the seasonal signal





Ice core

Law Dome Ice Core
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Historical Atmospheric Carbon Concentration 

for the Last 1000 Years 

Extracted from the Law Dome Ice Core

Source: Etheridge, et.al., Petit, et.al.
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Vectorial processes

•Creation of the universe (elements, stars) 14 
Giga Yr

•Segregation of elements on Earth 4.5 Giga Yr

•Biological evolution 3.8 Giga Yr

•Man and its influence ? 2 Mega Yr



Fig. 1.6cPress and Siever

Earth Radius 

6400 Km



Fig. 9.18Press and Siever







Marine Life 

During the 

Phanerozoic 

Eon

Fig. 23.10Press and Siever



Ecosystems 

and the Gaia 

Hypothesis

Life and its evolution 

create environmental 

conditions that 

support the existence 

of life in ecosystems. 

Examples: Oxygen, 

CO2, and temperature 

and chlorophyl

James Lovelock

1970ôs



Gaia Hypothesis(es)

ÅLife has greatly affected the planetary environment

ÅThis alteration has allowed life to persist

ÅThe Earth is a ñsuper-organismò - Life controls the 

environment in a fashion that is equivalent to the way 

an organism controls its various systems

ÅEvolution?





Shaded area, modelled in ref. 1. Empirical constraints for Archaean (from Mt Roe 

palaeosol)18 and middle Proterozoic (this study) atmospheric 

levels are indicated. The two connected upward-pointing arrows at 1.4 Gyr ago relate to 

estimates based on the possible V/S of D. delicata (see text). After ref. 1.



Cumulative % of Earth atmosphere



Historical trends in atmospheric O2

Carboniferous peak in 

abundance of oxygen 

Large amount of buried organic

matter means less oxygen being

used in organic decay (oxidation)



Historical trends in atmospheric CO2

Devonian decline in 

abundance of CO2

Diversification of land plants

caused increase in rates of

mineral weathering processes,

which consume CO2

Decline in atmospheric CO2

may have led to global cooling



The ocean basins



Fig. 1.6cPress and Siever



Fig. 20.25dPress and Siever



Fig. 1.8

Interacting 

Earth Systems

Press and Siever



Why the topography of ocean and land look this?



Earth hypsometry 



Peter W. Sloss, NOAA - NESDIS - NGDC

Mid-Atlantic

Ridge

Press and Siever



Plate boundaries 

Spreading 
Strike-slip Subduction Collision



Three Types of Plate Boundaries

Fig. 1.14Press and Siever



ContinentïContinent Convergent 

Boundary

Fig. 20.dPress and Siever



Fig. 20.11

Age of Seafloor Crust

R. Dietmar Muller, 1997
Press and Siever



Fig. 20.13

Opening 

of the 

Atlantic 

by Plate 

Motion

After Phillips & Forsyth, 1972

Press and Siever



Rates of plate motion

Mostly obtained from magnetic

anomalies on seafloor

Fast spreading: 10 cm/year

Slow spreading: 3 cm/year

Press and Siever

ÅThe residence time of  an oceanic plate 

Åof 4000 km is 40 My (fast) or 120 My (slow)



Fig. 23.9

Geochemical Carbon Cycle

Press and Siever









C
o
n
c
e
n

tr
a

ti
o

n
 i
n

 S
W

 m
o
le

/L

The residence time of the elements in SW (Yr)

The chemistry of seawater

Na and Cl are 

the main 

constituents 

of SW



Drivers of ocean circulation

ÅSun radiation: poles to equator gradients

ÅAtmosphere circulation (waves, surface currents, 

storms)

ÅEarth rotation, Coriolis Force, conservation of 

energy

ÅTemperature, salinity, ice, density gradients

ÅTides: Earth Moon Sun (gravity)

ÅContinuity (mass preservation)

ÅConfiguration of continents vs oceans
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Atlantic temperature section (0 ï6000 m)



Atmosphere circulation



Atmosphere circulation



Global winds



Surface ocean currents



The general circulation of the ocean

This simple diagram omits many very important aspects of the circulation. Some of its limitations are: I t

shows the sinking and upwelling in small areas; the oceanic upwelling is thought to be widespread. I t omits

recycling of NADW around Antarctica to become Antarctic Bottom Water. I t suggests southward heat þux

Fig. 14. Global structure of the thermohaline circulation cell associated with NADW production shown by Gordon (1986). Gordonôs

caption states: óóThewarm water route, shown by solid arrows, marks the proposed path for return of upper layer water to the northern

North Atlantic as is required to maintain continuity with the formation and export of NADW. The circled values are volume þuxin

106 m3/s, which are expected for uniform upwelling of NADW with a production rate of 20 106 m3/s. These values assume that the

return within the cold water route, via the Drake Passage (dashed line), is of minor signiýcanceò.

Fig. 15. The great ocean conveyor belt logo shown by Broecker (1987) as illustrated by Joe Le M onnier, Natural History M agazine.

P.L. Richardson / Progress in Oceanography 76 ( 2008) 466ï486 479

Broecker 1987



The general circulation of the oceans



salineLess saline

TS diagram for seawater: the thermal and salinity gradients 

dictate the thermohaline circulation 

SW density 

Isopycnal lines

Points A and B 

have the density



AABW

CPD

NADW



Talley 2011

Atlantic ocean real data



Atlantic ocean general circulation



Ocean currents surface, deep and back



The Gulf Stream bring equatorial warm water northwards. Evaporation 

and cooling increases the density of the water that together with very 

cold water from the Labrador current Greenland Iceland and the 

Norwegian seas make together the North Atlantic Deep Water



North Atlantic Deep water formation 

(GIN )Greenland, Iceland, Norwegian



Atlantic ocean general circulation



The volume transport of the overturning 
circulation at 24 N has been estimated as 
17 Sv ( 1 Sv = 10 6 m 3 /s)

Its heat transport is 1.2 PW ( 1 PW = 
10 15 W).

Estimates from hydrography



The thermo-haline circulation

Talley 2015

The general circulation of the oceans 



The general circulation of the ocean

This simple diagram omits many very important aspects of the circulation. Some of its limitations are: I t

shows the sinking and upwelling in small areas; the oceanic upwelling is thought to be widespread. I t omits

recycling of NADW around Antarctica to become Antarctic Bottom Water. I t suggests southward heat þux

Fig. 14. Global structure of the thermohaline circulation cell associated with NADW production shown by Gordon (1986). Gordonôs

caption states: óóThewarm water route, shown by solid arrows, marks the proposed path for return of upper layer water to the northern

North Atlantic as is required to maintain continuity with the formation and export of NADW. The circled values are volume þuxin

106 m3/s, which are expected for uniform upwelling of NADW with a production rate of 20 106 m3/s. These values assume that the

return within the cold water route, via the Drake Passage (dashed line), is of minor signiýcanceò.

Fig. 15. The great ocean conveyor belt logo shown by Broecker (1987) as illustrated by Joe Le M onnier, Natural History M agazine.

P.L. Richardson / Progress in Oceanography 76 ( 2008) 466ï486 479

Broecker 1987







Marine environments of life



End of lecture 1

•10-15 min break 


