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Oceanography 
Oceanography is the interdisciplinary science that draws upon geology, physics, chemistry, and 

biology to study the Earth’s ocean. 
 

The Hydrosphere (Oceans) 
Earth is often referred to as the blue planet. Oceans and marginal seas represent 71% of Earth’s 

surface; continents and islands comprise the remaining 29%. The Northern hemisphere is called the 
land hemisphere, and the Southern Hemisphere the water hemisphere due to the uneven distribution of 
land and water in the two hemispheres. 
 
Location of Oceans and Seas 

The world ocean is divided into four main ocean basins: 
• The Pacific Ocean covers half of all the ocean surface area. It averages almost 13,000 feet in depth.  
• The Atlantic Ocean is about half the size of the Pacific. 
• The Indian Ocean is located mostly in the Southern Hemisphere. 
• The Arctic Ocean is located in the higher latitudes of the Northern Hemisphere.  
The term sea may refer to smaller bodies of water than the ocean, or may refer to the ocean itself.  
 
Ocean Waves 

Ocean waves are the result of the interaction of the atmosphere and the ocean. They are energy 
traveling through the water and the waves you see are evidence of the transfer of that energy. Most 
ocean waves get their energy from the wind. Wind speed, the length of time the wind has been blowing 
and the distance the wind has traveled across open water affect the height, wavelength, and period of a 
wave.  
• Height is the distance from the trough to the crest of a wave.  
• Wavelength is the distance between two crests.  
• Period is time it takes for one wave to move past a certain fixed point.  

The water doesn’t travel any distance in a wave; it makes a circular pattern, with the water 
particles returning to where they started.  
 
Tides 

Tides are daily changes in the elevation of the ocean surface. Sir Isaac Newton applied the law 
of gravitation in explaining what caused tides. Large bodies, such as the Earth and moon, exert a 
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mutual attraction upon each other. A tidal bulge of water toward and opposite the moon exists while 
the Earth turns. The Sun also exerts some influence, especially when the three bodies are aligned 
during the full moon or new moon phases. These tides are called spring tides, although they occur 
twice a month year around. Being able to chart high and low tide isn’t that easy though. The shape of 
the coastline, the depth of the water, and the configuration of the ocean basin influences tides. There 
are three main tidal patterns, diurnal (daily), semidiurnal (twice a day), and a mixed tidal pattern. 
Diurnal tides are common in the Gulf of Mexico, semidiurnal along the east coast of the United States, 
and mixed tides along the entire west coast of North America.  

The following graphs of tidal patterns were found at http://co-ops.nos.noaa.gov/restles4.html.  

 
 
 
Temperature of the Ocean 

The surface temperature of the ocean varies with the amount of solar radiation received. Lower 
surface temperatures are found near the poles and higher temperatures found near the equator. 
Temperature varies with the depth of the water. Near the equator, the temperature is relatively high at 
the surface and there is a rapid decrease in temperature with depth. Near the poles, you find cooler 
surface temperatures, with no rapid change in temperature with depth. Density determines the water’s 
vertical position in the ocean, with cooler, denser water at the bottom. The factors affecting seawater 
density are salinity and temperature, with temperature having the greatest influence. 
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Currents in the Oceans  

Ocean currents are masses of water that flow from one place to another. Major currents are 
related to general atmospheric circulation patterns. Huge whirls of water called gyres occur within 
each of the major oceans, with two in the Pacific and Atlantic and one in the Indian Ocean. They are 
deflected to the right in the Northern Hemisphere and to the left in the Southern Hemisphere due to the 
Coriolis effect caused by Earth’s rotation on its axis. The North Atlantic gyre brings warm water from 
the Caribbean northward in the Gulf Stream along the Atlantic seaboard to the Artic, where it splits. 
Part of it carries warm water to the coast of Norway, part of it picks up cold Artic water which is 
carried south along the west coast of Europe, then picks up warm equatorial water and carries it west to 
the Caribbean. Large currents like these affect the climate of neighboring landmasses. The 
northwestern coast of Europe has a more temperate climate than you would expect for their latitude, 
which is similar to Alaska.  

Major Ocean Currents 

 
- Taken from http://www.physicalgeography.net/fundamentals/8q_1.html
 
Deep-Water Currents 

Deep-water currents are driven by differences in density. Two factors affect density, 
temperature, and salinity, the amount of salt in the water. Surface water at high latitudes becomes 
cold and may form ice on its surface. Ice formation increases salinity. Cold, dense water sinks, starting 
a deep-ocean current. This water spreads across the ocean floor and may remain at depth for over 500 
years before resurfacing possibly even in another ocean.  
 
Surface Currents 

Surface currents in the ocean develop from friction between the ocean and the wind that blows 
across the surface – they can be large or small, long- or short-lived. Ocean currents are masses of water 
that flow from one place to another. Huge, slowly moving gyres are related to atmospheric circulation. 
Currents are deflected by the Coriolis effect, bending them to the right in the Northern Hemisphere, 
and to the left in the Southern Hemisphere. Currents from low latitudes into higher latitudes (warm 
currents) transfer heat from warmer to cooler areas. 
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Landforms of the Ocean Floor and Shorelines 
 

Continental Margins  
A continental margin is the portion of the seafloor next to the continents. Two main types of 

continental shoreline margins have been identified, passive and active. 
• Passive continental margins are found along most coastal areas that surround the Atlantic Ocean. 

They are not associated with plate boundaries; they experience little volcanism and few 
earthquakes. Most consist of thick accumulations of shallow-water sediments. Features include a 
continental shelf that extends from the shoreline to the ocean basin floor, varying in width from a 
few miles to almost a thousand miles. This shelf slopes very gently toward the ocean floor, 
averaging about one-tenth of one degree in inclination. The continental slope marks the seaward 
edge of the shelf forming the boundary between the continental crust and the oceanic crust. It is 
generally steep and narrow. Deep valleys, known as submarine canyons, formed by downslope 
movement of sediment in turbidity currents cut through the continental slope. A continental rise 
may exist below the slope, gradually descending to the ocean basin.  

• In active continental margins, the continental slope descends abruptly into a deep-ocean trench, 
located primarily around the Pacific Ocean. If a continental shelf exists here at all, it is very 
narrow. Sediment from the ocean floor and the continental crust are scraped against the edge of the 
continent as the ocean plate is subducted. This sediment may accumulate in an accretionary wedge, 
or prism. 

 

 
- From http://www.earthscape.org/t2/meg01/meg01c.html#margins
 
The Ocean Floor 

The ocean floor comprises about 30% of the Earth’s surface. It contains several features 
including deep-ocean trenches and abyssal plains.  
• Deep-ocean trenches are long, relatively narrow creases in the ocean floor in the deepest parts of 

the ocean. Most are located in the Pacific Ocean. They are sites where moving lithospheric plates 
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plunge into the mantle. They are usually accompanied by a volcanic island arc, such as the 
Aleutian Islands, or a continental volcanic arc, such as those in the Cascade Mountains in the 
United States.  

• Abyssal plains are deep, very flat plain consisting of thick accumulations of sediment. Seamounts 
and plateaus are other less common features.  

 
Mid-Oceanic Ridges 

The mid-oceanic ridge winds through all major oceans much like the seams on a baseball. It is 
an interconnected ridge system, which is the longest topographic feature on Earth’s surface – over 
43,000 miles in length. The ridge forms along divergent plate boundaries, when two tectonic plates are 
slowly moving apart. It contains numerous volcanic structures that develop on newly formed crust.  

 
Seawater and Nutrient Cycles of the Ocean 

 
Seawater 

Seawater consists of about 3.5% (by weight) dissolved minerals. Its major constituent is 
sodium chloride. Processes that decrease salinity (add water) include precipitation, runoff from land, 
icebergs melting, and sea ice melting. Processes that increase salinity (remove water) include 
evaporation and formation of sea ice. The primary sources of the elements in the ocean are chemical 
weathering of rocks on the continents and volcanic outgassing. 
 
Nutrient Cycles 

The energy of the Sun is utilized by phytoplankton in the ocean and converted to chemical 
energy, which is passed through different levels in the food chain. Only about ten percent of the mass 
taken in at one level is passed on to the next. As a result, the size of individuals increase, but the 
number of individuals decreases with each trophic level of the food chain or food web, and the total 
biomass decreases with each level. As an example, the ocean’s algae are consumed by zooplankton, 
which are consumed by larger carnivores in the water, which may ultimately be consumed by humans. 
The amount of photosynthesis that occurs is dependent on the availability of nutrients and the amount 
of sunlight.  

Oceanic photosynthetic productivity varies due to the availability of nutrients and amount of 
solar radiation. It is influenced at different latitudes by seasonal changes and the development of a 
thermocline, a layer of water where there is a rapid change in temperature. In tropical oceans, a strong 
thermocline exists year-round, so the lack of nutrients generally limits productivity, and in polar 
oceans, the availability of solar radiation limits productivity. In temperate oceans, productivity peaks in 
the spring and fall and is limited by the lack of solar radiation in winter and by the lack of nutrients in 
summer.  
 

Websites 
 

http://www.noaa.gov/ - National Oceanic and Atmospheric Administration 
http://science.hq.nasa.gov/oceans/ -NASA site - oceans 
http://www.pmel.noaa.gov/tao/jsdisplay/ - NOAA site El Niño and La Niña 
http://oceanworld.tamu.edu/index.html - oceans 
http://www.epa.gov/index.html - EPA Gulf of Mexico program 
http://oceanworld.tamu.edu/index.html - oceans 
http://www.epa.gov/ - currents 
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http://vathena.arc.nasa.gov/curric/oceans/index.html/ - NASA site on Oceans 
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