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INTRODUCTION TO OCEANOGRAPHY TRANSPARENCIES 

 
 
CONTENT:  This is one of a series of transparencies in the sciences designed to aid teachers in grades 
4-8.  The visuals and supporting information can be used as a stand-alone curriculum or to illustrate 
concepts introduced in textbooks and lectures.  The descriptions and images are of the oceans—their 
features, the motions of the water, marine life, and what we can gain from them.  The overheads 
progress from the more basic principles to increasingly complex concepts and theories.  Each page of 
information corresponds to one of the overheads: 
 
1.  The oceans: the composition, conditions, and regions of the waters of the oceans 
 
2.  The ocean floor:  the variety of features of the floor of the ocean 
 
3.  Tides and tidepools:  the causes of tides and how people and animals use them 
 
4.  Currents:  the causes of the currents and descriptions of the more significant ones 
 
5.  Waves, tsunamis, and storms:  the causes of waves and examples of the more dramatic ones 
 
6.  Coral reefs and sea ice:  the origins and make-up of these ocean features 
 
7.  Marine animals:  invertebrates, vertebrates, and food webs 
 
8.  Resources:  fish, oil, gas, fresh water, and power from the sea 
 
9.  Research and exploration:   knowledge gained from sound, diving, exploration, and satellites 
 
10.  Pollution and stewardship:  human actions that pollute and affect the oceans  
 
 
SOURCES:  While some of the images were created especially for this packet, most came from the 
internet.  Almost all of the latter are in the public domain.  For the others, permission was received 
from the photographer, artist, or agency.  Credit is given along with the picture itself, and the internet 
addresses on the back pages list the locations of the images and the information used in preparing this 
packet.  (Especially helpful were the websites of the National Oceanic and Atmospheric Association 
(NOAAA), Office of Naval Research (ONR), And Earth Observatory (of NASA).) 
 
USE:  There is a collection of images on each transparency.  This arrangement allows related topics to 
be conveniently grouped and allows costs to be minimized.  (A simple way to display only a few of the 
images at a time is to cover the other images with a sheet of paper.)  The descriptions are intended to 
assist teachers in presenting information…This is one of the ten sets in the science transparency 
series,—Animals, Astronomy, Ecology, Energy Resources, Geology, Human Body, Matter, 
Oceanography, Weather, and Work, Force, and Motion.  These and other offerings can be viewed at 
www.k8resources.com. 
 
Text:  © 2008, Michael Berkowitz, k8resources, Saco, Maine 
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1.  THE  OCEANS

Life zones; 
Light zones; 
Coloration; 
biolumi-
nescence
Credits:  Office of 
Naval Research, U. 
S. Navy; ONR, U. S. 
Navy; Ocean 
Explorer, NOAA; E. 
Widder, HOBI, ONR, 
U.S. Navy

Oceans; Earth; 
water cycle; 
distribution of water; 
composition of sea 
salts; chlorophyll 
map; surface 
temperature map

Credits:  Commander, Naval 
Meteorology and 
Oceanography Command, 
U.S. Navy; NASA, GSFC, 
NOAA, USGS; CNMOC, U.S. 
Navy; data from P. H. Glerick, 
Earth Observatory, NASA; 
data from  C. Holmden, 
University  of Saskatchewan; 
SeaWiFS, GSFC, NASA; 
MODIS, GSFC, NASA 
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1.  THE  OCEANS 
 
 
The world’s water:  75% of the Earth’s surface is covered by water, 70% by oceans.  The Pacific Ocean, 
covering one third of the globe, is 11,000 miles across and averages 13,000 feet in depth.  The Atlantic 
covers one fifth; the Indian Ocean reaches Antarctica…Of all the water, 96.5% of it is in the oceans.  Less 
than 2 % of it is in solid form—ice caps, glaciers, and permanent snow.  Above 75 degrees North latitude, 
the Arctic Ocean is capped by year-round ice. (During the height of an Ice Age, one third of the Earth’s land 
was covered.  This accumulation of water in the form of ice caused the oceans to be 400 feet lower, exposing
now-submerged land.  Native Americans probably crossed a then-dry land bridge at the Bering Strait into the 
Americas.  Conversely, if global warming continues as projected, coastal regions will be submerged.)…All 
the rivers and lakes of the world make up less than one-sixteenth or one percent of Earth’s water. 
 
The water cycle:  H2O can exist as a gas (water vapor), liquid (water), or solid (ice or snow).  Water enters 
the ocean via precipitation or runoff from the land.  Water primarily leaves the ocean by evaporation at the 
surface; some may leave in spray; a small amount enters cracks in the ocean floor (and may return through 
hydrothermal vents).  (In the air the cycle includes condensation and precipitation.  On land, the complete 
cycle also includes storage in liquid or solid states, evaporation, sublimation (the change from solid to a gas), 
infiltration into the ground, groundwater discharge, and transpiration (water released by plants).   
 
Seawater:  Of the ocean’s water, 35 parts per thousand are “salts.”  Sodium chloride (table salt) is the most 
common, followed by sulphates, magnesium, calcium, and potassium.  There also some trace elements—
manganese, lead, gold, iron, and iodine.  Most of the salts come from weathering and erosion on land; some 
enter from hydrothermal vents (openings in the ocean floor); some come in precipitation (including the 
dissolved and suspended emissions from volcanoes).  Salinity, the concentration of salts, is higher at the 
surface because of evaporation there.  In the northern Pacific the water is less salty, as precipitation exceeds 
evaporation, leaving the sea relatively diluted…Gases are also dissolved in the ocean—primarily nitrogen, 
oxygen, carbon dioxide, and hydrogen, along with some trace gases.  Near the surface, there is less carbon 
dioxide as photosynthesis is performed by phytoplankton and some more complex plant life.  The plant life 
is more concentrated in shallow waters near the coast because of the nutrients there, and satellite images 
show higher levels of chlorophyll there. 
 
Conditions:  The temperature of the ocean ranges from near 100 degrees in shallow tropical regions to just 
above the freezing point of salt water (28.4 degrees) in polar areas.  The temperature depends upon the daily 
solar radiation, seasonal variations, and the mixing caused by currents and tides.  The Sun’s warming is 
strongest near the Equator and weakest at higher latitudes.  The surface is most directly heated; the middle 
thermocline’s temperature decreases with depth; deep water temperatures are stable at around 36 
degrees…Pressure increases by the force of one atmosphere every 33 feet down…Water is a good conductor 
of sound, and at a mid-level depth a “channel” exists that carries low frequency waves hundreds of miles. 
 
Zones:  The neritic zone contains much of the plant life.  Thus the animals that feed off those producers are 
generally there, as are the predators that feed off those smaller marine animals…The amount of light varies 
with depth:  The first 50 meters (the euphotic zone) receives enough sunlight for photosynthesis to occur; 
from 50 to 1,000 meters there is enough light for animals to see; beneath that (aphotic) there is no sunlight.  
Many animals there create their own light, bioluminescence, with the Anglerfish having a glowing “lure” to 
attract prey.  To achieve camouflage, fish in deeper levels may be transparent or dark; those near the surface 
blue; those near shallow bottoms cream-colored.  Often their bellies are lighter, as predators looking from 
below will be looking into the light.  (The color of the ocean is blue, as it scatters the sky’s shorter 
wavelengths (blues) and absorbs the longer wavelengths (reds).  Near the coast, small organisms, nutrients,
and sediments create a green tinge.)   
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2.  THE  OCEAN  FLOOR

Hawaiian hotspot; volcano; Bear Seamount; black smoker; white smoker; vent community; tubeworms 
Credits:  Ocean Explorer, NOAA: O.E., NOAA; O.E., NOAA: Office of Naval Research, U. S. Navy; O.E., NOAA; O.E., NOAA; O.E., NOAA

Ocean floor; continental margin; shelf and slope with canyons; seafloor spreading; ridge; subduction
Credits:  CNMOC, U. S. Navy; CNMOC, U. S. Navy; Visible Earth, USGS, NASA; Visible Earth, NASA; NGDC, NOAA; USGS, National Park Service
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2.  THE  OCEAN  FLOOR   
 
 
The Ocean Floor:  The floor of the oceans is hardly a flat, smooth sea of sand.  Like the continents, the 
ocean floor has diverse and changing features. 
 
Continental Shelf:  Extending out from the shoreline is a shelf reflecting the inland features.  The Unites 
States’ Atlantic continental shelf is broad and flat; the Pacific, narrow and mountainous.  Near a major 
river, the shelf contains a fan of deposited sediments (as at the Mississippi River delta).  The sediments 
there, and along the coasts in general, support the plentiful plant and animal life found there. 
 
Continental Slope:   A quick drop-off at the edge of the continental shelf marks the beginning of the 
continental slope.  This is the steep edge of the continental margin.  Turbidity currents carry sediments 
down the V-shaped canyons carved into the slope.  As the sediments near the true floor of the ocean, they 
accumulate at the continental rise, a tapering of the steep slope. 
 
Abyssal Plain:  Abyssal plains are wide, flat areas of the ocean floor.  The sediments from clay-like 
particles and the remains of plants and animals cover and smooth over the slight features of the plains.  
(The layer of sediment has been found to be thin…Earlier theories of more ancient oceans had predicted 
thicker sediment layers.) 
 
Mid-ocean Ridge:   The nature of mid-ocean ridges is the second body of evidence that lends support to 
the plate theory (tectonics).  This 30,000 mile long chain of mountains shows that the tectonic plates, 
slabs of the Earth’s crust, are shifting.  In the Atlantic, the plates are spreading apart one inch per year, 
and this has allowed magma to rise to the surface.  The two lines of mountains being formed along each 
side of the rift are of rock much younger than those of the continents.  The ridge rivals the Rockies and
reaches the surface in Iceland and the Azores.  The alternating striping of the magnetic rock support the 
theory of seafloor spreading, as over the eons the Earth’s magnetic field has changed its polarity.   
 
Trenches:  As the Atlantic seafloor expands, there must be a compression elsewhere.  The convergence 
of plates in the Pacific forces some of the crust there down (subduction).  This occurs along the deep, 
steep trenches which dwarf the continental valleys and canyons.  Of the 22 trenches identified, 18 are in 
the Pacific—including the Mariana Trench, which is deeper than 35,000 feet (over six miles).  This is far 
deeper than Mount Everest is tall. 
 
Seamounts:  Underwater volcanoes can grow over hotspots—areas where hot, molten magma penetrates 
the ocean floor.  If they persist, islands are formed.  When tectonic plates move along over the hotspots, 
chains, such as the Hawaiian Islands, are formed.  Once the volcano ceases to erupt, erosion can wear an
island away or can transform a submarine volcano into a flat-topped guyot. 
 
Smokers:  Smaller openings in the crust can create hydrothermal vents.  Near ocean-floor spreading, 
seawater seeps in at openings, is heated by magma, and rises back into the ocean.  Minerals which had 
dissolved in the superheated water then precipitate out in the much colder water, forming chimneys.  The 
hotter black smokers get their color from iron sulfide; the white smokers get theirs from barium, calcium, 
and silicon.  The heat at these vents enables unique marine communities to thrive—deep down in cold, 
dark environs.  In the Pacific, tubeworms and giant clams thrive; in the Atlantic, eyeless shrimp.  Too 
deep for the Sun’s powering of photosynthesis, chemosynthesis occurs when bacteria convert sulfides, 
(providing “food” for the organisms there). 
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3.  TIDES  AND  TIDEPOOLS

Moon and tides; high tide and low tide at Mont Saint Michel; spring and neap tides; Bay of Fundy
Credits:  National Ocean Service, NOAA; R. Sivron, Baker University (2); Office of Naval Research, U. S. Navy (2); National Map, USGS 

Tidal bore; tidal barrage; twin rotor tidal turbine; tidal turbine farm; tidal fence
Credits: Steve Niklas, NSG/RSD, NOAA; European Communities; Marine Turbines Company; Marine Turbines Company; Blue Energy Canada

Sandy tidepool; rocky tidepool; tidepool community; sea lemon and sea urchin; sunflower star
Credits:  NOAA; Acadia National Park; Olympic National Park; Olympic National Park; Olympic National Park
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3. TIDES  AND  TIDEPOOLS 
 
 
The Moon and the Sun:  Tides, the rhythmic rising and falling of the ocean’s surface, are caused by gravity 
and inertia, and modified by the features of the ocean.  The Moon exerts gravitational pull on the Earth, its 
air, and its water.  In line with Newton’s formulations, the gravitational pull is proportional to the mass of the 
objects and inversely related to the square of the distance.  Thus the Moon pulls water horizontally toward it, 
creating a bulge on the side of the Earth facing the Moon (high tide) and a diminished amount further away 
(low tide).  (The high tide on the opposite side of the Earth results from the inertia of that water and the 
reduced gravitational pull at the greater distance.)  There would be precisely two high tides and two low tides 
each day, if the Moon did not revolve around the Earth once each 29 days.  As it takes the Earth an extra 50 
minutes each day to catch up to the circling Moon, the time between high tides is a bit greater than the 
expected twelve hours…The Sun also exerts a pull.  Even though the Sun is far more massive, its distance of 
93 million miles (compared to the Moon’s ¼ million miles) reduces its pull.  Nonetheless, when the Sun is 
aligned with the Moon and Earth during full and new moons, the higher spring tides occur; when the Sun, 
Mon, and Earth form a right angle during first and third quarter moons, counteracting pulls produce the 
lower neap tides…The variations in the orbits also have some effects:  When the Moon is closest in its orbit 
(perigee), tides are greater; when furthest (apogee), lower.  Similarly, the Sun’s pull is stronger during the 
Earth’s perihelion (January 2nd), and weakest during aphelion (July 2nd).  The declination, or tilt of the 
Moon’s orbit relative to Earth’s equator, the shape of the continents, the depths of the ocean also affect the 
timing and size of tides.  The Atlantic coast of the United States has semi-diurnal tides (two equal high tides 
and two equal low tides each day); the Pacific, mixed tides (two highs of different heights and two lows of 
different depths); the Gulf of Mexico, diurnal tides, (only one high and one low tide each day)…Local 
geographical features can also have profound effects on the tidal range:  In mid-ocean, tides are about a foot; 
at mid-ocean islands, about 3 feet.  The equator experiences smaller tidal fluctuations than the higher 
latitudes.  Where a narrow inlet allows ocean water into a wide bay or lagoon, tides are smaller.  Where the 
land forms a funnel-shaped inlet, the tides are exaggerated.  Prime examples are the Bay of Fundy, with tides 
of 50 feet, and an island off the coast of France, Mont Saint-Michel. 
 
 Tidal power:   The twice daily flow of ocean waters has been harnessed to create electricity.  Given certain 
coastal contours, the effects of the movement of water can be quite pronounced.  Tidal bores result when 
water actually moves upstream when the incoming tide enters some river mouths… The inflowing water can 
be contained by a dam across an inlet to a bay or estuary.  Later the water is allowed to pass through a 
turbine when the tide is out.  In 1966 such a barrage was built in France.  (Some hydroelectric power plants 
on rivers produce electricity in a similar fashion.)  Nova Scotia and Russia offer other potential sites where 
the coastal tidal range at inlets is sufficient to create electric power…Individual subsurface units can also be 
used to produce electricity.  Marine current turbines are turned by the tidal flows to power generators.  The 
proposed placement of an array of these turbines in farms would parallel existing wind farms…Akin to 
turnstiles, vertical axis turbines can also be used to generate power.  Aligned in a row, construction of such a 
“tidal fence” is planned for the Philippines…Each of these methods are reliable and non-polluting but are 
costly to build. 
 
Tidepools:  Whether sandy or rocky, the regions along the coast that are exposed at low tide and submerged 
at high tide can host a diversity of marine life.  The nutrients brought in by the tides support the simple plant 
life and plankton that are eaten by jellyfish, clams, mussels, and fish.  These in turn may be eaten by starfish, 
sea birds, marine mammals, and humans.  The green algae, barnacles, and stickleback fish survive the higher 
intertidal zone—tolerating saltwater, freshwater during rains, and dryness during evaporation.  Mussels and 
periwinkles thrive in the mid-intertidal zone.  Irish moss, red algae, sea anemones live in the low intertidal 
zone.  Kelp, sponges, sea stars, sea urchins, and sea cucumbers are some of the inhabitants of the subtidal 
zone, below the low-tide mark. 
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4.  CURRENTS

Riptide; upwelling; upwelling model; El Nino shift; El Nino temperature effects
Credits:  Dennis Decker, National Weather Service; CNMOC, U. S. Navy; David Salmon, PWS Science, U. S. Geological Survey; 
ESE Kids NASA; NESDIS, NOAA

Currents; the effects of the continents; temperature and currents; Coriolis effect; Gulf Stream
Credits:  Office of Naval Research, U. S. Navy; CNMOC, U. S. Navy; CNMOC, U. S. Navy; NASA; U. S. Geological Survey
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4.  CURRENTS   
 
 
Causes of currents:  There are a variety of persistent patterns in the movement of ocean waters.  The 
relatively stable currents include the trade winds in the lower latitudes, the West wind drift in polar 
regions, and the circular currents in the mid-latitudes. While deepwater currents can be traced to 
differences in temperature and salinity, the surface currents are powered by the prevailing winds and the 
daily tides (due to the Moon’s gravitational pull)…There are several causes of these movements of large 
“rivers” of water in the oceans.  The shapes of the continents alter the direction of the moving channels of 
water.  Temperature differences set water in motion, as colder water, being denser, will sink.  Thus the 
cold waters at the Antarctic continental shelf work their way down the slope and across the ocean floor.  
Likewise, the more salty the water is, the denser it is.  While winds push water, its direction is altered by 
the spinning of the Earth.  (With water heated most at the Equator, the air above it is heated, rises, and 
moves toward the middle latitudes.  The air cools and sinks at about 30 degrees north or south, only to 
return to refill the space at the Equator.  As these “trade winds” move along the surface, the Earth spins 
underneath it toward the east, and this causes the wind to be bent to the right in the Northern Hemisphere, 
and to the left in the Southern Hemisphere.  The currents then are also shifted according to the Coriolis 
effect.  Deflections also occur in the currents pushed by the prevailing westerlies at middle latitudes.) 
 
The Gulf Stream:  While seemingly originating from the Gulf of Mexico, the Gulf Stream is one 
segment of a connected network of currents in the North Atlantic.  Moving 60 miles per day, the Gulf 
Stream transports more water than one hundred times the combined volume of all the Earth’s rivers.  
From the Yucatan, it moves along Florida, and up the southeast United States, before turning out across 
the Atlantic.  It brings heated water and air toward Great Britain, moderating its climate compared to 
regions at the same latitude.  Cornwall, England, sports palm trees, but heavy snows fall upon New 
England and eastern Canada. 
 
Riptides:  Small, dangerous currents can wash swimmers out to sea.  These riptides can form where 
longshore currents cause waves to strike a beach at an angle instead of head-on.  Transported sediment 
and sand can build up sandbars.  The waters which move along the shoreline eventually exit at a low point 
or breach in the sandbar.  This outward flow can reach eight miles per hour, faster than the speed of the 
most able swimmers.  If caught in a riptide, one should first swim parallel to the shore to get out of the 
current, and only then swim back toward shore. 
 
Upwelling:  Upward movement of water brings with it the rich nutrients that support phytoplankton and 
marine life.  Winds that move parallel to or away from the coast push the surface water out as well.  That 
water is replaced by the colder water from beneath.  The rising water brings with it the organic matter 
from the decay and wastes of plants and animals.  These support seaweed, phytoplankton, and the animal 
life that depends on them.  The features and contours of the continental shelf can also redirect currents, 
bringing cold, nutrient-rich waters to a coastline. 
 
El Nino:  The upwelling along the Peruvian coast makes it a prime fishing region, except during the El 
Nino periods.  The normal east-to-west winds push the warm equatorial waters across the Pacific.  Thus 
temperatures, the precipitation, and even the level of the ocean in the western Pacific are higher.  When 
the winds subside (or reverse), the waters off Peru become warmer and higher than usual.  This 
suppresses upwelling.  With less nutrients rising, the fishing deteriorates.  This, however, is not a merely 
regional phenomenon:  El Nino events affect weather globally, as the upper plains of the United States 
become hotter and droughts occur in southern Africa. 
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5.  WAVES,  TIDAL  WAVES,  AND  STORMS

Wind-blown wave; parts of a wave; plunging breaker; onshore breezes causing waves near the 
shore; surf breaking; Hawaii; boilers over reef
Credits:  Commander, Naval Meteorology and Oceanography Command, U.S. Navy; CNMOC, U. S. Navy; CNMOC, U. S. Navy; NDBC, NOAA; 
UCSB, EPOD; Waimea, EPOD; ESIAL, Johnson Space Center, NASA

Stages of a tsunami; aerial view of tsunami destruction; hurricane in the Caribbean; waterspout
Credits:  Office of Naval Research, U. S. Navy (4); International Tsunami Information Center, NOAA; NOAA, APOD, NASA; Joseph Golden, NOAA
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5. WAVES,  TSUNAMIS,  AND  STORMS 
 
 
Waves:  Most waves are caused by wind.  The friction between the air and water molecules results in 
the transfer of energy from wind to water.  With breezes, ripples result from the disturbance of water 
molecules.  Rather than moving forward with the wind, they move up, around, down, and back up 
again—in a circular motion.  In open waters it is not the water, but the energy that moves along with 
the wind.  With the ripples providing an uneven surface, the greater force of a stronger wind can push
up more water, which catches more wind, etc.  Ripples can grow to whitecaps, and perhaps to breaking 
waves (with foam).  The high point of the wave is its crest; its low point, its trough.  The distance from 
one crest to the next (or one trough to the next) is the wave’s length; the vertical distance from trough 
to crest, it’s height.  A wave is described by the strength of the wind, how far it travels over open water 
(its fetch), and how long it blows (its duration).  As a rough rule of thumb, a wave’s height (in feet) 
will equal about half the wind’s speed (in miles per hour).  In an intense storm, waves can reach 50 
feet.  Waves traveling out from storms are called swells, and a set of swells traveling a great distance is 
called a wave train.  A dangerous storm surge can form at the leading edge of a hurricane…During the 
day, the land and the air above it warm up faster than the water and the air above it.  The rising air over 
a beach is replaced by the air over the water.  These onshore breezes increase the height of the daytime 
waves there. 
 
Breakers:  The shallow depths change the structure of a wave as it approaches shore:  The wave
becomes slower and taller, but not as long.  As the crest moves faster than the rest of the wave, it tips 
forward or “breaks.”  Spilling breakers form farther out over a gradually sloping bottom.  Plunging 
breakers, best for surfing, break over a moderately steep bottom and can curl to form “tunnels.”  (The 
north beaches on the Hawaiian Islands offer good surfing because of their shape and the open expanse 
over which the winds can push the waves—their fetch.)  Surging breakers form over very steep 
bottoms and can be dangerous and can cause much erosion if powered by a storm.  When waves pass 
over a reef, the water may be shallow enough to create “boilers.” 
 
Tsunamis:  Waves can also be created by disturbances from the ocean floor—earthquakes, landslides, 
or volcanoes.  Near Pacific Ocean trenches, these displacements cause upward thrusts of perhaps only 
a foot, but the resulting waves move at 600 miles per hour.  These powerful waves can travel 
thousands of miles, crossing the Pacific in less than a day.  As they near the shore, the shallow water 
slows down the wave, but makes it much taller.  The run-up heights can approach 100 feet, depending 
on the force of the disturbance, the distance from the epicenter, and the shape of the shoreline bottom.
The damage to the coast can be devastating.  For this reason, Pacific areas have devised early warning 
systems based on spreading alerts of undersea seismic events.  (“Tsunami” is Japanese for harbor 
wave.  The nickname “tidal wave” is misleading as they are not caused by the tides.) 
 
Cyclones and waterspouts:  Vigorous activity above the ocean can also have strong effects.  Tropical 
cyclones are called hurricanes in the Atlantic Ocean, and typhoons in the western Pacific.  They evolve 
over the warm ocean waters of tropical regions—from a weaker depression, to a tropical storm to a 
hurricane (typhoon) as the wind strengthens.  The energy derives from water that evaporates, then rises 
and cools and condenses, releasing heat energy.  This heating of the air reduces the atmospheric 
pressure which results in air rushing in toward the center…Waterspouts can be either tornadic (the 
continuation of a tornado that had formed over land) or “fair weather”.  The latter form when cold air 
passes over warmer water whose spiraling spray ring develops into a mature vortex. 
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