
World Ocean Facts
• Oceans cover 71% of 

Earth’s surface
• Northern 

Hemisphere is 39% 
land, 61% sea

• Southern 
Hemisphere is 19% 
land, 81% sea

• Pacific is largest 
basin, followed by 
Atlantic, Indian, 
Southern, and Arctic

• Southern is defined 
as waters between 
60ºS and 
Antarctica, where 
the Antarctic 
Circumpolar Current 
flows

• Numerous seas and 
gulfs lie adjacent to 
the major ocean 
basins

The Vast World Ocean    
The topography of the ocean floor is as 
diverse as that of the continents.
Bathymetry is the measurement of ocean 
depths and the charting of the shape or 
topography of the ocean floor.
Today’s technology—particularly sonar, 
satellites, and submersibles—allows 
scientists to study the ocean floor in a 
more efficient and precise manner than 
ever before.



Early sailors cared little about the 
sea floor unless it was too shallow

The first attempt to 
study and map the 
deep ocean was made 
by “H.M.S. 
Challenger” in its 
pioneering 
circumnavigation 
voyage of 1872 – 76.



How Low Can You Go? –
Beebe’s “Bathysphere”

In the 1930s, William 
Beebe and Otis Barton 
descended more than 
half a mile in this steel 
ball.  

It is now on display at 
the Aquarium for 
Wildlife Conservation 
in Coney Island.

In the 1940s, Jacques-
Yves Cousteau and 
colleagues in the French 
Navy invented SCUBA 
(Self-Contained 
Underwater Breathing 
Apparatus.) This allowed 
people to explore and 
study the shallow floors 
more efficiently.

http://www.cousteausociety.org/people.htm



In the 1960s, Cousteau developed habitats 
so “aquanauts” could stay underwater for 

weeks. His 1964 film “World Without Sun”
won an Academy Award.

http://www.usni.org/hrp/SEALAB%20II%20on%20deckndate.h
tm

Shortly afterwards, 
the U. S. Navy 
carried out two 
successful 
underwater living 
experiments called 
“SEALAB.” A third 
attempt failed, and 
interest waned.

Now, small maneuverable research submersibles, 
like “ALVIN” provide access to deep-sea 
features not otherwise accessible.

http://www.comptons.com/encyclopedia/CAPTIONS/18005895_P.html



Mapping the Ocean Floor

• Depth was originally measured by 
lowering weighted lines overboard.

• Echo sounder (also referred to as 
sonar) 

• Invented in the 1920s
• Primary instrument for measuring depth
• Reflects sound from the ocean floor



Mapping the Ocean Floor

• Multibeam sonar
• Employs an array of sound sources and 

listening devices
• Obtains a profile of a narrow strip of 

seafloor

Multibeam Sonar



Mapping the Ocean Floor

• Viewing the ocean floor from space
• Satellites use radar altimeters to 

measure subtle differences of the 
ocean surface. 

• Small variations reflect the 
gravitational pull of features on the 
seafloor. 



Mapping the Ocean Floor
• Three major provinces of the ocean 

floor:
1. Continental margins
2. Deep-ocean basins
3. Oceanic (mid-ocean) ridges

Major Topographic Divisions of 
the North Atlantic Ocean



Continental Margins
• Passive continental margins

• Found along many coastal areas mainly in 
the Atlantic Ocean

• Not associated with plate boundaries
• Experience little volcanism and few 

earthquakes
• Sometimes called trailing margins



Continental Margins
• Features comprising a passive 

continental margin
• Continental shelf

– Flooded extension of the continent
– Varies greatly in width
– Gently sloping
– Contains important mineral deposits
– Some areas are mantled by extensive glacial 

deposits

Geologic Provinces of the Ocean



Continental Shelf

Submarine Canyons

• Cut through continental slope and shelf
• Probably created through erosion by 

turbidity currents
• Also connected to Pleistocene river 

drainage; e.g., Hudson Canyon
• Differences between East and West 

Coast canyons
• Submarine fans at base of many canyons



Submarine Canyon off Monterrey

Resources from the Seafloor

Oil and natural gas are the main energy 
products currently being obtained from 
the ocean floor.

• Gas hydrates are compact chemical 
structures made of water and natural gas.

Gas Hydrates

• Most oceanic gas hydrates are created when 
bacteria break down organic matter in ocean-
floor sediments.



Gas Hydrates

Continental Margins
• Continental shelf

– Gentle slope out to average depth of 130 m 
(430 ft.)

– Variations in width, materials, origins, etc.
– Coral reefs

• Continental slope
– More steeply sloping edge of continent

• Continental rise
– Apron of sediments



Geologic Provinces of the Ocean

Shelf Break off New Jersey 



Continental Margins

• Features comprising a passive 
continental margin

• Continental slope
– Marks the seaward edge of the continental 

shelf
– Relatively steep structure
– Boundary between continental crust and 

oceanic crust

Geologic Provinces of the Ocean



Oregon Coast (from the west – looking east)

Continental Slope

Continental Margins
• Features comprising a passive 

continental margin
• Continental rise

– Found in regions where trenches are absent 
– A continental slope merges into a more 

gradual incline—the continental rise
– Thick accumulation of sediment 
– At the base of the continental slope, 

turbidity currents deposit sediment that 
forms deep-sea fans.



Geologic Provinces of the Ocean

Continental Slope

The continental slope is 
a steep slope that 
connects the 
continental- shelf to 
the bottom of the 
ocean floor.  The slope 
begins at a depth of 
around 460 feet (140 
meters).



Provinces of a Passive 
Continental Margin

Features of the 
Deep-Ocean Basin

• Abyssal plains
• Likely the most level places on Earth
• Sites of thick accumulations of sediment
• Found in all oceans



Ocean Floor Features    
Abyssal Plains
• An abyssal plain is a very level area of the 

deep-ocean floor, usually lying at the foot of 
the continental rise.

• The sediments that make up abyssal plains are 
carried there by turbidity currents or are 
deposited as suspended sediment settles out.

Seamounts and Guyots
• A seamount is an isolated volcanic peak that 

rises at least 1000 meters above the deep-
ocean floor, and a guyot is an eroded, 
submerged seamount.

Features of the Deep-Ocean Basin
• Seamounts

• Seamounts are undersea volcanic mountains 
rising from the bottom of the sea that do not 
break the water's surface

• Isolated volcanic peaks
• Many form near oceanic ridges
• May emerge as an island
• May sink and form flat-topped seamounts 

called guyots
• Vast outpourings of basaltic lavas on the ocean 

floor create extensive volcanic structures 
called oceanic plateaus



Guyot
• Guyots are seamounts that have built 

above sea level.  Over time erosion by 
waves destroyed the top of the 
seamount resulting in a flattened shape 

Seamount rises 
above water 

Erosion by waves 
flattens the top of 
the mount

The seamount 
becomes submerged 
to form a Guyot

Guyot

Seamount rises 
above water 

Erosion by waves 
flattens the top of 
the mount

The seamount 
becomes submerged 
to form a Guyot



Abyssal Plain Cross Section

Ocean Sediments



Sediment core samples 
from ocean floor

Seafloor Sediments    
Ocean-floor sediments can be classified 
according to their origin into three broad 
categories: terrigenous sediment, 
biogenous sediment, and hydrogenous 
sediment.
Terrigenous Sediment
• Terrigenous sediments consist primarily of 

mineral grains that were eroded from 
continental rocks and transported to the 
ocean.



Mineral (non-living 
sources) sediments

Ocean Sediments

Amazon River Mouth

Seafloor Sediments    
Biogenous Sediment
• Biogenous sediments consist of shells and 

skeletons of marine animals and algae.
- Calcareous ooze is thick, common biogenous
sediment produced by dissolving calcium 
carbonate shells.

- Siliceous ooze is biogenous sediment 
composed of silica-based shells of single-
celled animals and algae.



Calcareous 
ooze

Ocean Sediments

Biogenous (from 
living sources) 
sediments 
(ooze)

Foraminiferans

Calcareous ooze components



Coccolithophorids

Calcareous ooze components

Radiolarian tests

Silaceous ooze components



Diatom tests

Silaceous ooze components

Microfossils – data on 
oceanic temperatures



Seafloor Sediments    
Hydrogenous Sediment
• Hydrogenous sediment consists of minerals 

that crystallize directly from ocean water 
through various chemical reactions

• Manganese nodules

Distribution of Ocean Plateaus, Hot 
Spots, and Submerged Crustal 

Fragments 



Continental Margins
• Active continental margins

• The continental slope descends abruptly 
into a deep-ocean trench.

• Located primarily around the Pacific 
Ocean

• Accumulations of deformed sediment and 
scraps of ocean crust form accretionary
wedges.

Abyss
• The deepest point in the ocean is 

called the abyss

• The Mariana Trench is the deepest 
known point in the ocean.  It is 
located in the western part of the 
Pacific Ocean near the fourteen 
Mariana Islands.

• The Mariana Trench is a semi-circle 
that extends from the northeast to 
the southwest for about two 
thousand five hundred fifty meters 
and is seventy kilometers wide. 



An Active Continental Margin

Features of the 
Deep-Ocean Basin

• Deep-ocean trench
• Long, relatively narrow features
• Deepest parts of ocean
• Most are located in the Pacific Ocean.
• Sites where moving lithospheric plates 

plunge into the mantle
• Associated with volcanic activity



Earth’s Deep-Ocean Trenches

Anatomy of the 
Oceanic Ridge

• Broad, linear swells along divergent 
plate boundaries are called oceanic 
ridges.

• Occupy elevated positions
• Extensive faulting and earthquakes
• High heat flow
• Numerous volcanic structures



Mid Ocean Ridge

•The mid ocean ridge is a series of mountain ranges on 
the ocean floor

•They are more than 84,000 kilometers (52,000 miles) in 
length and they extend through the North and South of 
the Atlantic ocean, the Indian Ocean, and the South 
Pacific ocean

•According to the plate tectonics theory, volcanic rock is 
added to the sea floor as the mid-ocean ridge spreads 
apart

Anatomy of the 
Oceanic Ridge

• Oceanic ridge characteristics
• Longest topographic feature on Earth’s 

surface 
– Over 84,000 kilometers in length
– 20% of Earth’s surface
– Winds through all major oceans

• The term “ridge” is misleading—widths of 
1000 to 4000 kilometers give the 
appearance of broad, elongated swells.



Mid-Atlantic 
Ridge

Distribution of the 
Oceanic Ridge System



Anatomy of the 
Oceanic Ridge

• Oceanic ridge characteristics
• Axis of some ridge segments exhibit 

deep down-faulted structures called rift 
valleys. 

• Portions of the Mid-Atlantic Ridge have 
been studied in considerable detail. 

Origin of Oceanic Lithosphere
• Seafloor spreading

• This concept was formulated in the early 
1960s by Harry Hess. 

• Seafloor spreading occurs along 
relatively narrow zones, called rift zones, 
located at the crests of ocean ridges.



Origin of Oceanic Lithosphere
• Seafloor spreading

• As plates move apart, magma wells up 
into the newly created fractures and 
generates new slivers of oceanic 
lithosphere. 

• The new lithosphere moves from the 
ridge crest in a conveyor-belt fashion. 

• Zones of active rifting are 20 to 30 
kilometers wide. 

Mid-ocean 
ridge



Origin of Oceanic Lithosphere
• Why are oceanic ridges elevated? 

• The primary reason is because newly 
created oceanic lithosphere is hot and 
occupies more volume than cooler rocks. 

• As the basaltic crust travels away from 
the ridge crest, it is cooled by seawater. 

• As the lithosphere moves away, it 
thermally contracts and becomes more 
dense. 

Origin of Oceanic Lithosphere
• Spreading rates and ridge topography 

• Ridge systems exhibit topographic 
differences. 

• Topographic differences are controlled 
by spreading rates. 

– At slow spreading rates (1 to 5 centimeters 
per year), a prominent rift valley develops 
along the ridge crest that is usually 30 to 50 
kilometers across and 1500 to 3000 meters 
deep.



Slow Spreading 
Oceanic Ridge

Origin of Oceanic Lithosphere
• Spreading rates and ridge topography 

• Topographic differences are controlled 
by spreading rates. 

– At intermediate spreading rates (5 to 
9 centimeters per year), rift valleys that 
develop are shallow and less than 200 meters 
deep

– At spreading rates greater than 9 
centimeters per year, no median rift valley 
develops and these areas are usually narrow 
and extensively faulted



Fast Spreading 
Oceanic Ridge

Structure of the 
Oceanic Crust 

• Four distinct layers 
• Layer 1—sequence of unconsolidated 

sediments
• Layer 2—consisting of pillow lavas
• Layer 3—numerous interconnected dikes 

called sheet dikes
• Layer 4—gabbro, in a sequence of rocks 

called an ophiolite complex 



Four Layers that 
Comprise Oceanic Crust

Idealized Ophiolite Suite

Peridotite

Gabbro

Pillow basalt

Deep-sea sediments



Precambrian Ophiolite Suite

Pillow basalt

Model for Forming Oceanic Crust 
at Mid-ocean Ridges



Structure of the 
Oceanic Crust 

• Formation of oceanic crust 
• Basaltic magma originates from partially 

melted mantle peridotite.
• Molten rock injected into fractures 

above the magma chambers creates the 
sheeted dike complex. 

• The submarine lava flows chill quickly 
and the congealed margin is forced 
forward to produce large tube-shaped 
protuberances known as pillow basalts. 

Structure of the 
Oceanic Crust 

• Interactions between seawater and 
oceanic crust 

• Seawater circulates downward through 
the highly fractured crust

• Basaltic rock is altered by hydrothermal 
metamorphism

• Hydrothermal fluids dissolve ions of 
various metals and precipitate them on 
the seafloor as particle-filled clouds 
called black smokers



Ocean Floor Features    

Hydrothermal Vents
• Hydrothermal vents form along mid-ocean 

ridges. These are zones where mineral-rich 
water, heated by the hot, newly-formed 
oceanic crust, escapes through cracks in the 
oceanic crust into surrounding water

Mid-ocean ridge



Black Smoker off 
Galapagos Islands

Anatomy of a 
Black Smoker



Continental Rifting—The Birth 
of a New Ocean Basin 

• Evolution of an ocean basin 
• A new ocean basin begins with the 

formation of a continental rift. 
– Splits landmasses into two or more smaller 

segments 
– Examples include the East African Rift, the 

Baikal Rift, and the Rhine Valley. 
• The Red Sea is an example of a rift 

valley that has lengthened and deepened 
in a narrow linear sea. 

East African Rift Valley 



Continental Rifting—The Birth 
of a New Ocean Basin

• Evolution of an ocean basin 
• If spreading continues, the Red Sea will 

grow wider and develop an oceanic ridge 
similar to that of the Atlantic Ocean

Volcanic and Nonmarine sediments 
are deposited in rift valleys



Cooling and subsidence of 
rifted margin allows sediments 

to be deposited

Carbonate platform develops



Continental margin continues 
to grow supplied from erosion 

of the continent

Continental Rifting—The Birth 
of a New Ocean Basin

• Evolution of an ocean basin 
• Not all rift valleys develop into full-

fledged spreading centers (e.g., a failed 
rift running through the central United 
States from Lake Superior to Kansas). 



Continental Rifting—The Birth 
of a New Ocean Basin

• Mechanisms for continental rifting 
• Two mechanisms have been proposed. 
• Mantle plumes and hotspots 

– Regions of hotter than normal mantle cause 
decompression melting that results in a 
volcanic region called a hotspot. 

– Hot mantle plumes may cause the overlying 
crust to dome and weaken. 

– Lifting and stretching of the crust results 
in a continental rift similar to the East 
African Rift. 



Continental Rifting—The Birth 
of a New Ocean Basin

• Mechanisms for continental rifting 
• Slab pull and slab suction 

– Subduction of old oceanic lithosphere may 
pull a continent attached to a subducting
slab and create a rift. 

– Another possible force might result from 
sinking of a cold slab, causing the trench to 
retreat or roll back due to flow in the 
asthenosphere—this is known as slab 
suction. 

Destruction of 
Oceanic Lithosphere 

• Why does oceanic lithosphere subduct? 
• Oceanic lithosphere subducts because 

its overall density is greater than that 
of the underlying mantle.

• Subduction of older, colder lithosphere 
results in descending angles of nearly 
90 degrees.



Destruction of Oceanic Lithosphere 
• Why does oceanic lithosphere subduct? 

• Younger, warmer oceanic lithosphere is 
more buoyant, and angles of descent are 
small. 

– The lithospheric slab moves horizontally 
beneath a block of continental lithosphere. 

– This phenomenon is called buoyant 
subduction. 

• Subduction may be prevented or 
modified when oceanic crust is unusually 
thick because of seamounts. 



Destruction of 
Oceanic Lithosphere 

• Subducting plates—the demise of an 
ocean basin 

• Plate movements have been 
reconstructed for the past 200 million 
years using magnetic stripes on the 
ocean floor. 

• Research indicates that parts, or even 
entire oceanic basins, have been 
destroyed along subduction zones. 



Destruction of Oceanic Lithosphere 
• Subducting plates—the demise of an 

ocean basin 
• The Farallon plate once occupied much 

of the eastern Pacific basin. 
– Beginning 180 million years ago, the Farallon

plate was subducting beneath the Americas 
faster than it was being generated. 

– The plate got continually smaller and now 
only fragments of the original plate remain 
as the Juan de Fuca, Cocos, and Nazca
plates. 

Demise of the Farallon Plate


