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What makes Ocean Water Different?

• Explain why salt water is essential to Earth 
• Explain the origin of water on Earth
• Describe the chemical composition of seawater
• Explain why salinity differs at various latitudes

Objectives:

Sunday, December 2, 12



Why is the Earth Called the Blue Planet?
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1. Earth has one big ocean with many features.
2. The ocean and life in the ocean shape the features of Earth. 
3. The ocean is a major influence on weather and climate.
4. The ocean makes Earth habitable. 
5. The ocean supports a great diversity of life and ecosystems.
6. The ocean and humans are inextricably interconnected.
7. The ocean is largely unexplored.

What are the most important 
things to	  know about the 
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Oceans and Coastal Processes
Essential 
Questions:

1. Why are the oceans salty?
2. How do scientists explore the oceans? 
3. How does ocean water circulate?
4. What causes the tides?
5. Why do coastlines change?
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Do you know your Ocean?

The Global Ocean
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Correct Answer

South Pacific 

North 
Pacific 
Ocean

South 
Atlantic 
Ocean

North Atlantic 

Indian 

Southern Ocean

Arctic Ocean
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Large, saline body of water that is smaller 
than an ocean and that may be partially or 
completely surrounded by land

What is a Sea? 
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Over ___ % of the worlds population lives 
within 60 miles from a sea coast.

50
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Global sea level changes
Sea level has:
(1) risen (when glaciers melt in warm periods) 
(2) fallen (expanding glaciers during cool ice ages).
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Describe resources provided by the 
oceans:
Natural resource:

Any useful material found in the environment

Fisheries

Shipping Tourism

Mining
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Who studies the ocean? 

study of the ocean, including the properties and 
movement of ocean water, the characteristics of 
the ocean floor, and the organisms that live in 
the ocean

Oceanographer 
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How can we investigate the Oceans
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What makes ocean water different?

97%

3%

Sunday, December 2, 12



Origin of Earth’s water?
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Accumulation
(1) Comets and meteorites could have contributed to 
the accumulation of water on Earth.
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Outgassing
(2) Out gassing - water might have come from volcanic 
 eruptions. 
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The Water Cycle
Cycle of processes by which water circulates 
between the hydrosphere, atmosphere, and 
geosphere.
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Distribution of Earth's Water
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What makes the ocean salty?
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Composition of Ocean Water
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Source of Salts

VolcanoesRocks
(2) Sulfur dioxide & chlorine 
gases from volcanoes

(1) The weathering 
of crustal rocks

Sunday, December 2, 12



Salinity
is the proportion of dissolved salts in surface 

Brine

Saline

Brackish

Freshwater
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Density of Seawater

(1)The more saline the water the more dense it is. 
(2) The colder ocean water the more dense it is

Is a function of 
temperature and 
salinity. 
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Salt from Seawater
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Seawater Density

Cold water is more 
dense than warm water.

Salt water is more dense 
than freshwater, 
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Desalination

Process to remove salt from saline water
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Density of Seawater
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Salinity
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How does the water cycle affect ocean 
salinity?
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Where is the Salinity the highest?

Where is the Salinity the lowest?
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Why do people float in the 
Dead Sea?

Dead Sea has a LOT of salt in it. Salt 
water is heavier (denser) than regular 
water. People can float in regular water, 
but since salt water is even denser, it is 
even easier to float in the Dead Sea. 
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Exploring the Shallow Ocean
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Continental Margin - 
Shallow sea floor, located between the shoreline and 
the deep-ocean basin.
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Ocean Depth
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Exploring the Deep Ocean
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Ocean floor under deep water beyond the continental 
margin

Deep-ocean basin
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Mariana Trench
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Mariana Trench
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How does water in the Ocean circulate?

Objectives:
• Explain thermal effects on the ocean
• Describe the Coriolis effect
• Explain the relationships between currents and climate 
• Explain the El Niño phenomenon
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Why does the water in the Ocean 
Circulate?
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Sailors have know about ocean currents for 
centuries

Sailors have know that “rivers” flow in the seas 
since ancient times. 
They used them to shorten voyages, or were 
delayed by trying to stem them.
If navigators do not correct to deflection by 
currents, they may be far away from where they 
think they are and meet disaster.
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Ben Franklin and the Gulf 

Ben Franklin always wondered why 
sailing from America to Europe took 
less time than going the other way.
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Types of Ocean Currents

Surface Currents
The upper 400 
meters of the 
ocean (10%).

Deep Water Currents
Thermal currents 
(90%)
Streamlike movement 
far below the surface.
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The horizontal movement of water in a well-
defined pattern.

What is an Surface Current?
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Surface Ocean currents

(1) Earth’s Rotation 
(2) Location of the continents.
(3) Differences in water density

Controlled by:
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1. Turbidity Currents

Density driven
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Turbidity Currents
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The Coriolis Effect
The apparent curving of the path of a 
moving object (ocean) from an otherwise 
straight path due to Earth’s rotation.

(2) Earths Rotation
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Non-rotating Earth
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Coriolis Effect

Changes with latitude:
No Coriolis effect at Equator
Maximum Coriolis effect at poles

Northern 
Hemisphere 
curvature to 
right

Southern 
Hemisphere 
curvature to 
left
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Coriolis Effect
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Buffalo moves 783 mph

Coriolis Effect
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The Coriolis effect on Earth
As Earth rotates, different latitudes travel 
at different speeds
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 Ocean Currents          
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Gyre
Huge circle of moving ocean water found 
above and below the equator.
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Roaming Rubber Duckies
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Why is Ocean Circulation Important?

Transports heat	  from	  the	  Equator to poles
Transport nutrients and organisms
Influences weather and climate
Influences commerce
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Deep current 
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Thermocline
Transition layer between the mixed layer at the 
surface and the deep water layer

Warm

Cool
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Upwelling and Downwelling
Vertical movement of water ()
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Upwelling
Movement of deep water to surface
Hoists cold, nutrient-rich water to surface
Produces high productivities and abundant marine life
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Upwelling
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Earth’s Major upwelling regions

Sunday, December 2, 12



Downwelling
Moves warm, nutrient-depleted surface water down
Not associated with high productivities or abundant 
marine life
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Ekman Spiral
Describes the speed and direction of flow of 
surface waters at various depths

Factors:
Wind
Coriolis effect
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The overall water movement due to 
Ekman spiral

Ideal transport is 90º from the wind

Ekman Transport
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Ekman Transport
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Ekman Transport
Surface current deflects 45° 
from wind direction
Deflection angle increases with 
depth (spiral)
Effect of wind decreases with 
depth (friction)
Net water transport is 90° from 
wind direction
Right – North. Hemisphere,
" Left – South. Hemisphere
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Ekman Transport
As Arctic explorer Fridtjof Nansen 
tried to get 
to the North Pole in 1893, he noticed 
that the 
sea ice in the Arctic Ocean was not 
moving in the same direction as the 
wind. It was always moving to the 
right of the wind direction. 
Nansen didn’t know why this was 
happening. 
Today we do. It is called Ekman 
transport.

As wind blows across the ocean, it 
moves 
water at the surface. Because the Earth 
rotates, water moves to the right of 
the wind in 
the Northern Hemisphere and to the 
left of the 
wind in the Southern Hemisphere.
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What causes the movement of polar waters?

Differences in density.

What determines the density of water?
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Currents and Climate
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How can the ocean effect climate?
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El Nino
Warming of the ocean current along 
the coasts of Peru and Ecuador. 

Associated with changes in the weather patterns 
worldwide.

Generally 
occurs 
every 3 
to 7 
years
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Normal conditions in the 
Pacific Ocean

El Niño conditions

Currents and Climate
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Normal conditions in Pacific Ocean
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El Niño conditions
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Effects of severe El Niños
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El Niño events over the last 55 years  
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Associated with cooler than normal water 
temperatures in the Equatorial Pacific Ocean

La Nina
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La Niña conditions 
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Non El Niño El Niño
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What are the Tides?

Objectives:
• Define tides and tidal range
• Explain how tides are affected by gravity 
• Explain the moon’s role in tidal movement 
• Explain spring and neap tides
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What causes Tides?
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Objectives:
Explain why objects float
Describe how the gravitational pull of the 
moon causes tides.

Tides
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Buoyancy
 The ability or tendency to float in water.
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Periodic rise and fall of the water level in 
the oceans.
 (1) High tide - water level is highest.
 (2) Low tide - water level is lowest.

Tides

Sunday, December 2, 12



 What Causes Tides?
(1) The moon: 
The Gravitational pull is strongest on the   side of Earth 
that is closest to the moon.
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2. The Sun

 What Causes Tides?
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Most locations have two high and two low tides daily.
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Tides – Long Island, NY
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Tidal Range
The difference in levels of ocean water at high tide and 
low tide
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mean = average

Avg. 
tidal 
range

High

Low

Tidal Range
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Extreme Tides
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Spring Tides
Occur when Earth, sun, and moon are in a line with one another
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Extreme	  Tidal Range
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Occur during the first- and third-quarter phases of the 
moon, the moon and the sun are at right angles 
to each other.

Neap Tides
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 Tidal Currents
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Movement of water toward and away from 

 Tidal Currents

(1) flood current -  tidal current flows _______
(2) ebb current - the tidal current flows ______
(3) slack water - no tidal currents
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How do Coastlines Change?

Objectives:
• Explain the role of sediments in the coastal system
• Explain how waves affect coastal areas
• Diagram and explain beach depositional features
• Explain longshore drift
• Explain how human-made structures sculpt beach 
areas 
• Explain why society is interested in coastal dynamics
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How do Coastlines Change?
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Coastal Landforms
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Ocean Waves

Describe the formation of waves and the 
 factors that affect wave size.
Identify the cause of destructive ocean 
waves.

Objectives:
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How do waves form?

Ocean waves are generated mainly by 
wind blowing over the water’s surface.

Sunday, December 2, 12



 Waves
Periodic disturbance in a solid, liquid, or 
gas as energy is transmitted through a 
medium.
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Wave Height 
Vertical distance between the crest and 
the trough of a wave. 
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the horizontal distance between two consecutive 
crests or between two consecutive troughs.

Wavelength 
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The time required for two consecutive 
wave crests to pass a given point

Wave period
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Waves are created by the wind
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Waves

In deep water have round orbits
In shallow water have elliptical orbits
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3 factors determine the size of a wave. 
(1) the speed of the wind
(2) the length of time the wind blows
(3) fetch

Wave Size
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 Wave Energy

The longer that wind blows, the more 
energy is transferred from wind to water 
and the larger the wave becomes.
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Tsunami 
Waves created by displacement of 
water during earthquakes, volcanos, 
or landslides
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When winds blow the crest of a wave off 

Whitecaps
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How will the height of a wave will changes 
as the wave approaches the coastline?
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As the wave moves into shallow water, 
the bottom of the wave slows down. 
The top of the wave, continues to move at 
its original speed.

Breakers
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Undertows 
Water carried onto a beach by breaking 
waves is pulled back into deeper water by 
gravity.
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Water from larger breakers returns to the 
ocean through channels that cut through 
underwater sandbars that are parallel to 
the beach.

Rip Currents
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Longshore Transport
motion of the water along the shore is called moving sediment
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Longshore Transport

Sunday, December 2, 12



Longshore Transport
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Depositional Features

Sandbars

Barrier Islands

Beaches

A ridge of sand built 
up by currents

A ridge of sand built up by currents especially in a river or in coastal waters
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Barrier Islands
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Barrier Islands
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Coral Reefs
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Life on a coral reef
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Objectives

Describe the main features of the continental margins 
 & deep ocean basins.

Features of the Ocean Floor

Remember to GEAR-UP

November 29
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 Ocean-Floor Sediments
Composition depends on which part of the 
ocean floor the sediments form.

(1) Coarse gravel and sand are usually found 
 close to shore, these heavier sediments 
 do not move easily offshore.
 
(2) Lighter particles are suspended in ocean 
 water and are usually deposited at a great 
 distance from shore.

Sunday, December 2, 12



 Sources of Deep Ocean-Basin Sediments
Inorganic Sediments

Biogenic Sediments

(1) Rock particles carried from land by rivers.

(2) Fine particles of rock, including volcanic 
 dust, that have been blown great distances 
 out to sea by the wind.
(3) Icebergs also provide sediments & even 
 meteorites form sediments

(1) Remains of marine plants and animals. 
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 Physical Classification of Sediments
Muds - very fine silt and clay-sized particles of   rock.
Calcareous ooze - made of calcium carbonate. 

Siliceous ooze - can be found at any depth, is made of 
mostly silicon dioxide, which comes from sea shells.
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Pick the pollutants Drag and separate the pollutants that effect 
our oceans.

Pollutant
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