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OCN 201
Plate Tectonics II

Question

Why is the lithosphere thin at the oceanic 
ridges?

A. Because there is no continental crust  

B. Because of the high temperature below the spreading 
center

C.Because the oceanic crust is thin at the oceanic ridges

D. The lithosphere is thick at the oceanic ridges  
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Earth’s Lithosphere
• The lithosphere is formed by the crust and 
the rigid upper layer of mantle 
• Both oceanic and continental crusts are 
less dense than mantle
• Continental crust is lighter than oceanic 
crust  Why?
• The mantle, oceanic crust, and 
continental crust are made of different kind 
of rocks (with different densities) 
chemical differentiation due to partial  
melting 
• Oceanic crust is formed by single stage 
partial melting of the mantle at oceanic 
ridges
• Continental crust is formed by more 
cycles of partial melting lighter 

Lithosphere (rigid)

Asthenosphere
(deformable)

Lower mantle

Upper
mantle

Structure of Continents
• Continental crust has probably formed throughout Earth’s history by 

chemical differentiation at subduction zones

• At subduction zones, heat drives water and other volatile components 
from the subducted sediments into the overlaying mantle overriding the 
downgoing plate  lowers melting point, mantle melts with different 
composition, produces andesitic magma, which rises to form volcanic arc

• Continental crust exists on 
Earth because we have
 Plate tectonics (subduction)
 Liquid water ocean

• Venus lacks liquid H2O and 
subduction zones  no 
continental crust (and Venus’s 
mantle is too stiff and dry to 
convect!)
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Tectonic Structure of Continents

• Craton (or shield): Stable part of a 
continental block that has not 
experienced any deformation for a long 
time

• Mobile Belt: (compressional mountain 
belt) a long and narrow part of the crust 
that has experienced recent and 
repeated deformation 

• Fragments of cont. crust incorporated 
into larger cont. masses are called 
terranes

• Younger terranes are parts of the mobile 
belts

• Cratons appear to have accreted as 
terranes in the more distant past

Terranes and structure of continents
• Continental crust is too buoyant to subduct
• Accretion of continental fragment or island arcs into continental 

crust  growth of continents
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Terrane structure of 
N. America

• North America age 
distribution illustrates 
terrane accretion

• Oldest material is N central 
craton (2.3-3.8 Ga)

• Younger material along the 
northwestern coast

• Youngest material found 
along “mobile belts” and is 
generally <0.4 Ga

Question

The formation of volcanic island arcs occur at:

A. Subduction zones located along the coastlines of 
continents

B. Convergent plate boundaries where both plates have 
oceanic crust at their edges

C. Divergent plate boundaries

D. Convergent plate boundaries where both plates have 
continental crust at their edges
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The supercontinent cycles
• Scientists think that supercontinents are created in 
cyclical processes 
• Periodicity: 0.5-1 billion years

The Wilson Cycle 
Stage 1: Embryonic

• Thick continental crust that 
inhibits the heat flow from the 
Earth's interior  doming,  
cracking, deformation, and 
eventual rifting

• Rifting splits the continent

• Creation of new ocean crust in 
between

• Motion: rift flank uplift, rift valley subsidence

• Features: Complex system of rift valleys and 
lakes on continent

• Example: East Africa Rift Valley
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The Wilson Cycle 
Stage 2: Juvenile

• Ocean will flood in between, 
separating these pieces of a 
former continent  into two 
continents

• Evolution of rift valleys into 
spreading centers with thin 
strips of ocean crust between 
rifted continental segments 
formation of narrow sea

• Motion: Divergence (spreading)

• Features: Narrow sea with matching coasts. 
Oceanic ridge form

• Example: Red Sea

The Wilson Cycle 
Stage 3: Mature

• Motion: Divergence (spreading)

• Features: Ocean basin with continental 
margins. Ocean continues to widen at oceanic 
ridge

• Example:  Atlantic Ocean, Arctic Ocean

• Widening of the ocean basin

• Continued development into 
a major ocean flanked by 
continental shelves

• Continual production of new, 
hot, oceanic crust along the 
ridge system
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The Wilson Cycle 
Stage 4: Declining

• Motion: Convergence (subduction)

• Features: Subduction begins. Island arcs and 
trenches form around basin edge

• Example:  Pacific Ocean

• Eventually, this expanding system 
becomes unstable and, away from 
the ridge, the oldest (densest) 
oceanic lithosphere sinks into the 
asthenosphere

• Formation of oceanic trench 
subduction system, island arcs

The Wilson Cycle 
Stage 5: Terminal

00000

• Subduction outpaces the 
formation of new crust, the 
ocean begins to contract 

• Growth of continents through 
accretion of terranes and 
formation of young mountain 
ranges

• Motion: Convergence, collision, and uplift

• Features: Oceanic ridge subducted. Narrow 
irregular seas with young mountains

• Example:  Mediterranean Sea
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The Wilson Cycle 
Stage 6: Suturing

• Eventually subduction closes up 
the ocean and continents collide, 
thickening the crust and building 
mountains  formation of new 
supercontinent

• The plate boundary becomes 
inactive, but may become a zone of 
weakness in the lithosphere that 
can potentially become the site of a 
new rift

• Motion: Convergence and uplift

• Features: Mountains form as two continental crust 
masses collide, are compressed, and override

• Example: India-Eurasia collision, Himalaya mountains

The Earth in its present 
configuration
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Changing Continent Configurations

Changing Continent Configurations



9/11/2018

10

Changing Continent Configurations

Changing Continent Configurations

The South Atlantic is closed
Two continents: Laurasia and Gondwana, 
separated by the Testhys Ocean
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Changing Continent Configurations

Laurasia and Gondwana get closer

Changing Continent Configurations

The supercontinent Pangea



9/11/2018

12

Changing Continent Configurations

Gondwana in the southern hemisphere,
North America mostly in the southern 
hemisphere! 

Changing Continent ConfigurationsChanging Continent Configurations:
Into the future

https://youtu.be/2It3ETk2MGA

Christopher Scotese animation: 
Future Plate montions and Pangaea proxima
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Question

Why are continental rocks much older than 
oceanic rocks?

A. Oceanic crust was formed later in Earth’s history

B. Continental crust is too light to be subducted

C. Rocks of the oceanic crust are constantly being 
recycled in the mantle

D. Both B and C are correct

Global changes in sea level
• Throughout Earth’s history global sea level has constantly changed 

• Global (eustatic) sea level changes over timescales that are very different, 
and provide insight into the tectonic and climatic history of Earth

• Eustatic sea level changes can be due to:

 changes in the volume of water in the oceans: depends mostly on 
the amount of water present in glaciers on continents  related to 
climate change

 changes in the volume of the ocean basins: main driving force for 
long-term (>50 million years) sea level change  related to plate 
tectonics, which is constantly reshaping surface features of the Earth 
while the volume of water has been relatively constant for the last 4 
billion of years

• In addition, sea level can change locally due to tectonic forces and 
isostatic movements
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Climate and mean sea level
• When Earth’s climate cools, ocean water cools and contracts, and 

water is transferred from the ocean to land (glaciers and snow)

• During the last ice age there was a lot of water stored in glaciers and 
mean sea level was ~130m lower than today

• Sea level changes associated with climate changes happen relatively 
quickly (tens to hundreds of thousands of years)

Last ice age, more water store in glaciers

Last interglacial period

Plate tectonics and sea level

(2)

• Formation of supercontinent decreases the ratio 
of continental to oceanic area  sea level falls
• Early continental breakup (1) has opposite effect 
 sea level rises
• Shortly after continental breakup a new ocean is 
formed with young ocean crust (2). Young oceanic 
crust (shallow) replaces old crust (deeper)  sea 
level rises
• Average age of the ocean between continents 
become older (deeper) (3) sea level falls

(3)

(1)

Kominz, M.A. (2001) 
Sea Level Variations 
Over Geologic Time. In: 
Encyclopedia of Ocean 
Sciences (Eds J.H. 
Steele, K.K. Turekian
and S.A. Thorpe), pp. 
2605–2613. Academic 
Press, Oxford.
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Plate tectonics and sea level
• Fast spreading rates generate broad 

ridges (4) relatively high sea level  

• Relatively slow spreading ridges generate 
narrow ridges, taking less volume in the 
ocean than high spreading ridges (5)
relatively low sea level

• Emplacement of large igneous provinces 
(6) generates oceanic plateaus, displaces 
ocean water  sea level rises

(4) (5)

(6)

Kominz, M.A. (2001) Sea Level Variations Over Geologic Time. In: Encyclopedia of Ocean Sciences (Eds J.H. 
Steele, K.K. Turekian and S.A. Thorpe), pp. 2605–2613. Academic Press, Oxford.

Sea level variations over geological 
time

Kominz, M.A. (2001) Sea Level Variations Over Geologic Time. In: Encyclopedia of Ocean Sciences (Eds J.H. 
Steele, K.K. Turekian and S.A. Thorpe), pp. 2605–2613. Academic Press, Oxford.
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Question

Long-term (>50 million years) changes in sea 
level are caused by:

A. Changes in the volume of water in the ocean

B. Changes in the volume of the ocean basins

C. Isostatic movements in continents

D. All of the above


