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Bellringer:
 Do you know the 4 layers of Earth? If so, list them.
 What do you know about Plate Tectonics?
 STOTD
 We are going to watch a short video!  Read your video questions before we begin.
 https://youtu.be/Kg_UBLFUpYQ

Chapter 2

Oceans are not just places…
 The land is not just covered by water, it is geographically distinct from the continents.
 Underwater geographic processes affect both the undersea land, and dry land as well.
 Hundreds of millions of years to shape the ocean floor
 Geology is important to marine biology because it affects habitats.

 Form coastlines; the depth of water; whether the bottom is muddy, sandy, or rocky; and many other features of marine habitats.

The Water Planet
 Most other planets have very little water.

 Very little water, perpetually frozen ice, vapor in atmosphere, or deposits below the planet surface.
 The oceans cover 71% of the globe on Earth.
 This gives Earth the name of Water Planet.

Geography of Ocean Basins
 Oceans are not divided equally by the equator:

 Northern Hemisphere: only 61% ocean
 Southern Hemisphere: about 80% ocean

 Four large basins:
 Pacific: deepest and largest ocean, as large as all other oceans combined.
 Atlantic Ocean
 Indian Ocean
 Arctic Ocean: The smallest ocean basin

Geography of Ocean Basins
 All of the Oceans are interconnected although we call them by separate names.
 Allow seawater, materials, and some organisms to move from one ocean to another.
 Oceanographers refer to the World Ocean instead of separate oceans.
 The continuous body of water that surrounds Antarctica is known as the Southern Ocean.
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Geography of Ocean Basins The Structure of Earth
 Earth and Solar system originated about 4.5 billion years ago from a cloud of dust.

 Big bang theory: astrophysicists estimate that about 14 billion years ago dust particles collided to form larger particles until eventually planets were formed.
 Young Earth was estimated to be a molten planet.
 In this molten world, denser materials sunk to the bottom whereas less dense materials floated on top.

 Think of the difference in density between a rock and piece of Styrofoam.

The Structure of Earth
 Density is calculated by dividing the mass of an object by its volume.

 Density =    massvolume 
 The dense materials of young Earth flowed toward the center of the planet.
 The light materials floating on the top cooled to form the crust.
 The atmosphere and oceans began to form.
 The Earth’s orbit is just far enough away from the sun that water did not evaporate but not so far that it is perpetually frozen.

The Structure of Earth

Some geology fundamentals
1. The Earth is composed of four layers: core (inner 

and outer), mantle and crust
2. The Earth’s lithosphere is a rigid layer composed 

of part of the upper mantle and crust
3. The Earth’s lithosphere is not continuous, but made 

up of large pieces fit together like a puzzle

11

Visualizing Earth’s layers
What would you see if you 
could cut Earth down the middle
and look inside?

A thin outer crust

A thick,
fluid-like mantle
surrounding the 
core

A core

12
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Internal Structure Internal Structure
 The Core: composed mostly of alloys or iron, located in the very middle of earth.

 Made of a solid inner core surrounded by a liquid outer core.
 The movement of the outer core around the inner core cause Earth’s magnetic field.

 The Mantle: very hot layer that comes near the melting point of rocks causing it to flow like a liquid but slower
 The Crust: the outermost layer of earth, extremely thin, different characteristics between oceanic and continental crust.

There are 2 types of Crust:Oceanic crust & Continental crust
 Oceanic Crust:

 Made of basalt (a dark, dense rock) 
 Denser than continental crust
 Floats lower on the mantle
 Thinner than continental crust
 Younger 

 Continental Crust:
 Made of granite (less dense, lighter colored rock).
 Less dense than oceanic crust
 Floats higher on the mantle
 Thicker than oceanic crust
 Older
 Forms continents

Layers of the Crust
 Lithosphere: fairly rigid layer composed of the crust and the upper part of the mantle, 100 km (60 mi) thick.
 The lithosphere is broken into plates that can contain oceanic crust, continental crust, or both.
 The lithosphere floats on a molten, plastic layer known as the asthenosphere.
 The asthenosphere causes the motion of the earth’s plates.
 The plates move apart between 2 to 18 cm a year. 

The lithosphere and asthenophere

The lithosphere is made 
up of rigid plates composed 
of the top of the upper 
mantle and the crust

Beneath the uppermost 
layer of the mantle is an 
area of weakness called 
the asthenosphere, on 
which the rigid plates move 
with respect to one another

Lithosphere

Asthenosphere

Ocean
LandOceanic

crust

Continental 
crust

uppermost 
portion of 
mantle
18
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Bellringer:We are going to create a pie slice of the earth!! Each of you received a slice of earth pie as you walked in.  Follow the instructions on the lower left hand corner.  Then use your pie slice and notes from yesterday to answer the following questions in your notebook.
1. Describe the characteristics and composition of Earth’s internal structure.
2. Compare and contrast the oceanic crust and the continental crust.
3. STOTD

Earth’s plates are constantly moving
 Remember that the asthenosphere beneath the 

plates is relatively soft and plastic 
 The asthenosphere is slowly, but constantly, moving
 The plates “floating” on top of this layer are thus 

always in motion. 
 They can move past one another, crash into one 

another, even rise and sink

20

Plates move with respect to one another

For example, the North American plate and Eurasian plate are moving 
away from one another, forming a ridge. Relative plate motions are 
discussed in detail in the next lesson (Lesson 14).

Photo: NOAA/NGDC

North American Plate
Eurasian 
Plate

21

Early Evidence of Continental Drift
 The face of the Earth is always changing because continents are constantly in motion.
 Sir Francis Bacon: 1620, noticed earth’s continents fit together like a large puzzle. Continents have similar geographic features and fossils on opposite sides of the Atlantic Ocean.
 Alfred Wegener: 1912, purposed the first detailed hypothesis of continental drift. Also talked about the supercontinent Pangaea that broke up into the continents we know today about 180 million years ago.

Early Evidence of Continental Drift The Theory of Plate Tectonics
 Wegener’s hypothesis was not widely accepted because he could not explain HOW the continents could move.
 In the late 1950s-1960s, scientists found evidence that plates DID drift as part of a process that inv0lves the entire surface of our planet, “Plate tectonics.”
 Mid-ocean ridge: discovered by scientists during World War II, a continuous chain of underwater volcanoes that circles the globe.
 The mid-ocean ridge is the largest geographical feature on the planet.
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The Theory of Plate Tectonics
 The mid-ocean ridge is surrounded by transform faults which form islands like Iceland.
 In the Atlantic: “Mid-Atlantic Ridge”
 In the Indian: forms an inverted Y 
 In the Pacific: runs up the Eastern side, “East Pacific Rise”
 Trenches: a system of deep depressions in the sea floor, especially common in the Pacific.

The Theory of Plate Tectonics

Significance of Mid-Ocean Ridge
 Earthquakes are clustered at the ridge.
 Volcanoes are concentrated near trenches.
 Younger rocks are made near the crest and get older as you move away from the crest.
 Sediments are scarce near the ridge but get more abundant the farther you move from it.
 Magnetic bands or “stripes” found running parallel to the mid-ocean ridge.
 Makes compasses point north toward the north pole.

Creation of the Sea Floor
 Rifts: huge pieces of oceanic crust separated at mid-oceans ridges creating cracks in the crust.
 Hot mantle materials rise and move through these cracks pushing up oceanic crust to form the mid-ocean ridge.
 The molten material cools and solidifies as it reaches the surface and forms new oceanic crust.
 Sea-floor spreading: As rock cools and hardens, it pushes away from the ridge and creates new sea floor.

Activity
 Materials: 

 Color pencils
 Tectonic plate map

 Label the tectonic  plates
 Color code the tectonic plate boundaries
 Label where you can find the following:

 Mid-Atlantic Ridge
 Indian Ridge

Earth’s Plates
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Earth’s Plates
 As new lithosphere is created, old lithosphere is destroyed somewhere else (trenches).
 Subduction: when two plates collide at a trench and one plate sinks down into the mantle.
 Earthquakes usually occur at subduction zones.
 If the rock melts and rises, volcanoes form.

Oceanic/ Continental plate trench: Oceanic plate will descend into the mantle. Can form coastal mountains such as the Andes in South America.

Oceanic/ Oceanic plate trench: one oceanic plate dips beneath another and descends into the mantle. Forms volcanic island chains such as Hawaii. 
Earth’s Plates
 Continental/ Continental plate boundary: Neither plate will descend and will therefore bunch together and form mountain chains in the middle of continents.

Earth’s Plates
 3 types of faults:

 Reverse: hanging plate moves up, other plate moves down.
 Normal: hanging plate moves down, other plate moves up.
 Strike-slip fault: two plates slide past each other.

Bellringer:
1. What is seafloor spreading?
2. What happens at convergent, divergent, and transform plate boundaries?
3. STOTD
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Marine Biology
Fall 2014

Features of the  Sea Floor
Features of the Sea Floor

• Passive continental margins have a continental shelf, continental 
slope, and continental rise descending to the abyssal plain

• Active continental margins have continental shelves and slopes, 
but the slope extends down into a deep oceanic trench

• A mid-oceanic ridge system encircles the globe, typically 
running down the center of oceans

• Numerous conical seamounts rise from the deep ocean floor

Continental Shelves and Slopes
• Continental shelves - gently  slope 

(0.1°) seaward leading to shallow 
submarine platforms at the edges of 
continents
– Range in width from a few km to >500 km
– Typically covered with young sediments

• Continental slopes - relatively steep 
slopes (typically 4-5°, but locally much 
steeper) that extend down from the 
edge of  the continental shelf  to the 
abyssal plain

Continental Shelves and Slopes
• Submarine canyons - V-shaped 

valleys that run across continental 
shelves and down continental slopes
– Deliver continental sediments to 

abyssal fans on deep sea floor, 
sometimes by turbidity currents
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Continental Rises and Abyssal Plains
• Continental rises - gently seaward-sloping 

(0.5°) wedges of sediments extending from 
base of continental slope to deep sea floor
– Sediment deposited by turbidity and contour currents
– End at abyssal plain at depth of about 5 km
– Lie upon oceanic crust

• Abyssal plains - extremely flat regions 
beyond the base of the continental rise
– Flattest features on Earth, with slopes <0.01°
– Form where sufficient turbidity currents exist to 

completely bury rugged topography

Oceanic Trenches
• An oceanic trench is a narrow,deep

trough parallel to the edge of a 
continent or an island arc
– Deepest parts of the oceans 
– Benioff zone earthquake begin at trenches 

and dip landward under continents or 
island arcs

– Volcanoes found above upper part of 
Benioff zone arranged in long belts 
parallel to trenches

– Marked by very low heat flow and large 
negative gravity anomalies

Mid-Oceanic Ridges
• Mid-oceanic ridge - giant undersea 

mountain range extending around the 
world like the seams on a baseball
– Made mostly of young basalt flows
– More than 80,000 km long, 1,500-2,500 km 

wide, and rises 2-3 km above ocean floor
– A rift valley, 1-2 km deep, runs down the 

crest of the ridge
– Extremely high heat flow
– Often marked by line of hot springs, 

supporting unique biological communities
– Offset along transform fracture zones
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Bellringer:
1. Identify and describe 2 seafloor features
2. STOTD

Seamounts, Guyots, and Reefs
• Conical undersea mountains that     

rise ≥1000 m above the seafloor are 
called seamounts
– Isolated basaltic volcanoes along mid-

oceanic ridges and out in abyssal plains
– Chains of seamounts form aseismic ridges

• Guyots are flat-topped seamounts, 
apparently cut by wave action, and 
commonly capped with coral reefs
– Reefs are wave-resistant ridges of coral 

and other calcareous organisms that may 
encircle islands (fringing reefs), parallel 
coastlines (barrier reefs), or rim circular 
lagoons (atolls)

Sea Floor Sediments
• Sea floor sediments may be either 

terrigenous or pelagic
• Terrigenous sediments are land-derived 

sediments that have found their way to 
the sea floor
– Comprise continental rise and abyssal plains

• Pelagic sediments settle slowly through 
the ocean water, and are derived from 
fine-grained clay (delivered primarily by 
wind) and skeletons of microscopic 
organisms
– Nearly absent on mid-oceanic ridge crests
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Composition of the Ocean Crust
• Seismic surveys suggest oceanic crust is    

~7 km thick and comprised of three layers
– First layer is marine sediment of various 

composition and thickness (extensively sampled)
– Second layer is basalt and pillow basalt overlying 

basaltic dikes (extensively sampled)
– Third layer is thought to be composed of sill-like 

gabbro intrusions (not directly sampled)
• Ophiolites are rock sequences in mountain 

chains on land that are thought to represent 
slivers of ocean crust and uppermost mantle
– Composed of layers 1-3 overlying ultramafic rock

Age of the Sea Floor and the Theory of Plate Tectonics
• All rocks and sediments of the deep sea floor

are less than 200 million years old
– Continents preserve rocks up to 4 billion years old

• Explanation of the young age and formation 
mechanisms of oceanic crust is a crucial part of 
the Theory of Plate Tectonics

Studying the Sea Floor
• Sea floor rocks are quite 

widespread, but difficult
to study 

• Sea floor rocks and 
sediments sampled using 
rock dredges, seafloor 
drilling, or submersibles

• Indirect observations of the 
sea floor with sonar and 
seismic reflection profiling


