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OCN 201
Plate Tectonics II

Question

Which of these sentences is wrong? 

A. The lithosphere comprises the crust and the uppermost 
part of the upper mantle

B. The continental crust is heavier and thinner and the 
oceanic crust in lighter and thicker

C. The oceanic lithosphere is produced at the oceanic 
ridges and destroyed at the subduction zones

D. The edge of a continent facing a subduction zone is an 
active continental margin 
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Theory of Plate Tectonics
• Lithosphere is divided into about a dozen nearly rigid sections or 

lithospheric plates

• Interactions of plates produce most of the tectonic activity of Earth

• New seafloor is created at oceanic ridges or spreading centers 

• Old seafloor is destroyed at subduction zones

• Plate tectonics continuously change and shape the surface of 
Earth: expands and split continents, forms and destroys ocean basins

• Forces driving plate tectonics:

oConvection in the mantle 
(heat driven)

oRidge push (gravitational 
force at spreading centers)

oSlap pull (gravitational 
force in subduction zones)

Present day lithospheric plates

• Seven major lithospheric plates: Pacific, Eurasian, African, North American, 
South American, Indo-Australian, and Antarctic 
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Plate boundaries: summary

Plate boundaries: divergent

Oceanic-Oceanic: oceanic ridges • Sites of new seafloor formation
• Ocean basin expands by 
upwelling magma from the 
asthenosphere, plate area 
increases
• Many small volcanoes, young 
lava flows
• Shallow earthquakes
• Examples: Mid-Atlantic Ridge, 
East Pacific Rise
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Oceanic ridges
• Oceanic ridges are elevated 

because lithospheric plate is 
young and hot at the spreading 
center  thicker!

• As it cools (slowly with time) it 
contracts, causing depth of 
seafloor to increase

• Relationship between age of 
the seafloor and water depth 
implications for global sea level 
changes

• The age, density, and thickness 
of the oceanic lithosphere 
increases with distance to the 
oceanic ridge

Oceanic ridges: spreading rates

• Slow spreading ridges (e.g. Mid-Atlantic Ridge: 2.5 cm/yr) are tall (1-3 km) 
and narrow, rugged, characterized by well-defined, steep-sided central rift 
valley (25-50 km wide, 1-2 km lower than surrounding peaks)  

• Fast spreading ridges (e.g. East Pacific Rise, 15 cm/yr) have gentler 
slopes, broader and less rugged, central rift valley is absent or poorly 
defined

• Extremely-slow spreading ridges: few and widely spread volcanoes, 
different seafloor characteristics, less studied (e.g. Gakkel Ridge)
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Plate boundaries: divergent

Continental-continental: rift zone
• Where a continent is splitting apart
• If divergence at rift zone continues 
long enough a new ocean basin will 
form between the two now 
separated sections of the continent
• As continent spread, central rift 
collapses, ocean fills the basin
• Volcanoes, young lava flows 
• Examples: East Africa Rift valleys, 
Red Sea

New ocean formation at 
a rift zone

• Rising magma beneath the continent 
pushes the crust upwards and creates 
cracks and fractures 

• The crust is stretched and thinned

• Rift valley is formed from collapses along 
a series of fault blocks

• Lakes may form in the rift valley

• The rift widens and sinks, allowing ocean 
water to enter and creating a narrow sea 
(e.g. Red Sea) 

• The rift continues to widen and an 
oceanic ridge is formed at the center, 
creating a new ocean
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Question

Slow spreading oceanic ridges:

A. Are tall and narrow with well-defined central rift valleys

B. Are broad with gentle slopes, the central rift valley is 
absent or poorly defined

C. Are characterized by deep earthquakes 

D. Do not have volcanic activity

Plate boundaries: summary
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Plate boundaries: convergent

Oceanic-Continental • Denser oceanic lithosphere plunges beneath 
lighter continental lithosphere

• Old seafloor is destroyed

• A trench forms

• Earthquakes trace path of down-moving plate

• Subducted plate partially melts, magma rises 
to form continental volcanoes

• Accretion of sediments and sedimentary rock

Plate boundaries: convergent

Oceanic-oceanic • Denser and older oceanic lithosphere 
plunges beneath younger and lighter one

• Old seafloor is destroyed

• Deep trench forms in arc shape

• Earthquakes trace path of down-moving plate

• Subducted plate partially melts, magma rises 
to form curving chains of volcanic islands

• Accretion of sediments may form low islands
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Back-arc basins

• If subduction rate exceeds the rate at which the two plates are moving toward each 
other, the edge of the non-subducting plate may be streched, causing a thinning of the 
lithosphere and creating a back-arc island basin behind the volcanic island arc

• Back-arc basins are generally shallow seas characterized by large quantities of 
sediment eroded from the newly formed island and nearby continent

Plate boundaries: convergent

Continental-Continental • Collision between masses of granitic 
continental lithosphere, neither mass is 
subducted

• Closure of ocean basins

• Strong earthquakes

• Plate edges are compressed, folded, and 
uplifted; one may move beneath each other

• Crust thickens, formation of mountain chains
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Collision of India and Asia
• ~50 million years ago, the 

northern margin of Indian 
continental crust starts colliding 
with southern margin of the 
Asian continent

• India is thrust under the Asia

• The Himalayan Mountains and 
Tibetan plateau are formed by 
the collision

• On going collision: the 
Himalayan Mountains continue 
to be uplifted

• The top of the Himalayas are 
formed from sedimentary rocks 
scrapped off the oceanic crust 
of the ocean floor destroyed as 
continents first came together 

Formation of exotic terranes

Oceanic plateaus, inactive oceanic ridges, and volcanoes are scrapped off 
the oceanic crust as it enters a subduction zone, “sticking” and becoming 
part of the larger continent
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Plate boundaries: summary

Plate boundaries: transform faults

Oceanic

• Most of them at oceanic ridges, across 
spreading centers

• Transform faults connect the 2 ridge crests 
which they offset

• No creation or destruction of lithospheric
plates  

• Shallow earthquakes
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Plate boundaries: transform faults

• The rigid lithospheric plates move on a spherical Earth
• The axis of oceanic ridges is not a smooth curving line
• The rate of spreading and creation of new crust will vary along the 

plate boundary
• Transform faults accommodate varying rates of spreading between 

two rigid plates 

Plate boundaries: transform faults

Continental

San Andreas transform faultSan Andreas transform fault

• A transform fault cutting continental 
lithosphere, where plates slide past each other

• Strong earthquakes along fault

• No creation or destruction of lithospheric
plates  

• Example: San Andreas transform fault in 
California
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San Andreas transform fault
• One of the best known transform faults in the 
world is the San Andreas Fault in California

• It marks the boundary between the North 
American Plate and Pacific plates

• ~ 700 miles long, ~ 10 miles deep

• ~28 million years old

• Relative motions is ~2 inches/year

Question

Where do deep earthquakes occur? 

A. At subduction zones

B. At oceanic ridges

C. Along transform faults

D. In the interior of lithospheric plates
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What are the forces that drive 
plate tectonics

https://www.iris.edu/hq/inclass/animation/557

Plate interactions: summary
• Lithospheric plates may diverge, converge or slide past 

each other

• Oceanic crust is created at divergent plate boundaries and 
destroyed at convergent plate boundaries

• Divergent plate boundaries are oceanic ridges and areas 
where continents are being pulled apart

• Convergent plate boundaries are downwelling zones 
where old oceanic crust is subducted

• Subduction zones at the edge of continents are 
characterized by an offshore trench, mountains formed 
from the compression of continental crust and accretion of 
sediments scrapped off the subducting plate, and land 
volcanic arcs
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Plate interactions: summary
• Oceanic-oceanic subduction zones are characterized by a 

trench and a volcanic island arc (and sometimes a 
sedimentary island arc) on the nonsubducting plate. A 
back-arc basin may form if the subduction rate is high

• A collision between two continents forms mountain chains 
by compression of the continental crusts of the colliding 
plates

• Transform faults mark the locations at which crustal plate 
move past one another

• Most of Earth’s seismic and volcanic activity occur at the 
boundaries between lithospheric plates

Question

Which of these sentences is correct?

A. The ocean is deeper where the oceanic crust is old 

B. The ocean is shallower where the oceanic crust is old

C. The ocean depth is independent of the age of the 
seafloor  

D. The lithosphere is thicker at the oceanic ridges


