
Water falls as rain

Rivers carry ions
in solution to the sea

The sea is a
storehouse
of dissolved 
ions

Water evaporates
from the sea

Compounds
containing mainly
calcium, magnesium,
carbonate and silicate ions
are leached from the soil

Continental crust

Water percolating 
through hot lava
dissolves soluble
minerals containing
chlorine, bromine and 
sulphur compounds

Lava and gases well up from the
mantle at the mid-ocean ridgeMantle

Volcanic gases
are rich in chlorine,

bromine and sulphur
compounds

Oceanic crust

Figure 5 The sources of dissolved ions in sea water.

Half the world's population
live in coastal areas

Nearly all the ocean water
is within 7 km of the surface
and 90% of the atmosphere
within 16 km of the surface

Oceans contain
over 80% of the
living organisms
on the Earth

" How inappropriate to call this
planet Earth when clearly it is
Ocean "
                       Arthur C Clarke

The oceans contain 97.4% of all
water on the planet. The 2.6% 
on land is almost all ground water
and ice – only 0.014% is available
to us in rivers, lakes, etc

Approximately 70% of the
planet's surface is covered
by sea

The oceans have a surface area of 
about 360 x 106 km2 and transport
enormous quantities of energy and 
materials

Figure 11 Some facts about the oceans.

Figure 15 The missing link in the sulphur cycle.

1.  Sulphur compounds are known 
to get into the atmosphere from the
land from volcanoes, burning fuels
and biomass (mostly as SO2)

2.  More sulphur returns to the land
and oceans as acid deposition than 
is known to pass up into the atmosphere

4.  There is another source of sulphur
which circulates from the oceans to
the land via the atmosphere,
dimethyl sulphide. Huge quantities are
needed to balance the books

3.  More sulphur is washed off
the land into the oceans than 
can be explained by weathering
of rocks and soil run-off
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Figure 17 The fate of the Sun’s energy reaching the Earth.

Sun

30% is
reflected

Each year our 
planet receives 
3 x 1024 J of 
solar energy

47% is absorbed by
the land and oceans

23% is absorbed 
by the atmosphere

The Sun's energy is 
spread out over a larger
area near the poles. 
They are therefore 
colder than the tropics

Earth

Figure 19 At the tropics of a planet with an atmosphere and

oceans, about 20% of the incoming solar energy is transported to

colder regions.

3% is transported by 
warm water currents

100% 80%

17% of the energy
received at the tropics
is transported by water
vapour to colder parts
of the Earth

Figure 23 The global water cycle (figures represent quantities

moved in 1015 kg per year).
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Easterly winds blow water across the Equator 
and up the coast of South America piling it up 
in the Caribbean

Equator

Sea level is 15 cm
higher in the West
Atlantic than in the
eastern side

Southwesterly winds and land 
masses force warm water back 
across the North Atlantic

Coast
of Labrador

Greenland

North Atlantic 
Drift

Part of the Gulf Stream
sinks in the mid-Atlantic
south of Greenland;
the rest continues as 
the North Atlantic Drift

Gulf Stream

  The Gulf Stream:
    50–75 km wide
    About 1 km deep
    Travels at 3–10 km h–1

Carries energy at a rate
    of 250 x 106 MW along
    the coast of North America
    – equivalent to the output
    of 100 000 power stations

Figure 24 Ocean currents in the Atlantic.

Figure 25 The

deep water cold

current in the

Atlantic Ocean.

Greenland

Surface current:
warm, high salinity

Surface current:
cold, low salinity

Surface current:
cold, low 
salinity

Deep water current

Figure 26 Deep ocean currents take cold salty water from the

Atlantic to the Indian and Pacific Oceans on a giant ‘conveyor

belt’.

Cold, deeper
salty current

Warm, less 
salty current 
at surface
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Figure 28 The easterly winds (red arrow) that usually extend nearly all the way across the Pacific retreat eastwards with the onset of El

Niño conditions. As a result, along the equator, the slope of the sea surface and the dividing layer between the warm surface water and

deep cold water both flatten out.

Sea level drops

Easterlies weaken

Sea level rises

Upwelling decreases

Surface water surges eastward along equator

Dividing layer between
warm surface water and

deep cold water rich in nutrients E

W

Equator

Figure 36 The dissolving of shells on the deep ocean floor.

Ocean surface

Temperature Pressure

Shells dissolve

Higher

Lower

Shellfish die

Tissue and shells fall down as 'marine snow'

Tissue

Tissue decays

forming CO 2

CO 2 dissolves at

low temperature

and high pressure

Shells dissolve in

extra CO2 and water

At lower temperature,

the position of equilibrium

shifts to the right

Lower

Higher

Shells

Ocean floor
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Figure 38 Formation of stalactites.

Atmosphere
0.037% CO2

Rainwater which soaks into the soil
encounters a CO2 concentration
10 – 40 times higher than the
atmospheric level

Calcium carbonate dissolves from the
limestone as Ca(HCO3)2. Fissures,
swallow holes and caves are formed

Water containing dissolved
Ca(HCO3)2 drips into the cave

The temperature in the cave is the 
same as in the rocks, but the concentration 
of CO2 is similar to the level in the atmosphere.
Solid CaCO3 is precipitated in the form of stalactites

Figure 42 The buffering action in the oceans – why the oceans do not become more acidic.

If oceans start becoming too acidic,
HCO3

–(aq) ions remove H+(aq) ions
as this equilibrium shifts to the left

If the HCO3
–(aq) concentration falls, this

equilibrium will shift to the right

If carbonate ions react with H+(aq) ions,
then calcium carbonate will dissolve to

restore this equilibrium

Shells and limestone in the sea are a reservoir for the anions which can remove H+(aq) ions from the oceans

CO2(g)

CO2(aq)

CO2(aq) + H2O(l) H+(aq) + HCO3
–(aq)

CO3
2–(aq) + H+(aq) HCO3

–(aq)

CaCO3(s) Ca2+(aq) + CO3
2–(aq)
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