Plate Tectonics

Part II



On this date...

Fridtjof Nansen
Born October 10, 1861

early oceanographer, explorer, humanitarian



Recap of Last Week

Earth structure: stratified by density:

— Lithosphere < Aesthenosphere < Mantle < Core
Fluid motion in the mantle

Convection cells

Connections between continents

Supercontinents
— more than one occurrence

— Pangea was recent



In the news...

Published online: 22 August 2017

https://www.sciencedaily.com/releases/2017/10/171004140125.htm
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Alfred Lothar Wegener
1880 — 1930
Continental Drift (1912)

German meteorologist and
geologist




Evidence Supporting Wegener’s
Continental Drift

The theory of continental drift was not accepted initially.
Supporting evidence includes:

- Seismographs revealed a pattern of volcanoes and
earthquakes bordering continents

- Radiometric dating of rocks revealed a surprisingly
young oceanic crust

- Echo sounders revealed the shape of the Mid-Atlantic
Ridge



Problems with Drift Theory

* No evidence for dramatic movement of the

continents (tracks)

- Unfounded mechanism (centrifugation)

* Prevailing concept: solid mantle



Seismographs
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Seafloor Topography
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Mid-Atlantic Ridge

A typical cross section of the Atlantic ocean basin



Seafloor Spreading




The Seafloor
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The Seafloor

In the center of the Atlantic we find which of the
following?

Oceanic subduction zone
The oldest oceanic crust

A)
B)
C) The youngest continental crust
D) Mid-atlantic ridge



Hess and Deitz: Seafloor Spreading (1960)

Seafloor forms at mid-ocean ridges and spreads
Powered by convection currents
Cooling and shrinkage of crust/ocean depth

Sediment thickness and age...



Radiometric Dating

« Radioactive decay of uranium to lead
« Complete conversion over billions of years
« U/Pb ratio tells age something formed

 Typically very old rocks: >0.1 Bya




The Theory Of Plate Tectonics

The ideas of continental drift and seafloor spreading were
combined in the theory of plate tectonics:

- Earth’s outer layer is divided into lithospheric plates
- Earth’s plates float on the asthenosphere

- Plate movement is powered by convection currents in the
asthenosphere, seafloor spreading, and subduction



Plate Tectonics

Trench Oceanicridge

Ocean floor Hot spot

Asthenosphere
(upper mantle)

Lithosphere
(mantle and crust)

Lower mantle

QOuter core

Gravity pulls
plate down ‘




The Major Lithospheric Plates
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Direction
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Transform
fault

The major lithospheric plates and their direction of relative movement
are shown here.




Which of the following is true of continental
crust?

A) During subduction, oceanic crust sinks
below continental

B) It is the oldest lithosphere and rarely
subducts

C) Continental crust meets at some plate
boundaries

D) All of the above



Types of Plate Boundaries
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divergent / spreading convergent / subduction

-

transform / “strike-slip”



Divergent Plate Boundaries

Boundaries between plates moving apart:
Divergent oceanic crust — e.g., the Mid-Atlantic Ridge

Divergent continental crust — e.g., Rift Valley of East Africa
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Extension causes splitting and rifting






Convergent Plate Boundaries

Regions where plates are pushing together:
Oceanic crust toward continental crust - e.g., west coast of South America
Oceanic crust toward oceanic crust - e.g., northern Pacific

Continental crust toward continental crust — e.g., Himalayas
.
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Compression at convergent boundaries produces buckling and shortening



Convergent Plate Boundaries




Transform Plate Boundaries

locations where crustal plates move past one another

Nearby example: San Andreas Fault
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Interaction at transform boundaries causes shear



Confirming Plate Tectonics

Age and distribution of ocean sediments
The Oceanic ridges

Earthquakes at depth
(~700km; suggests rigid lithosphere subducting)



Confirming Plate Tectonics

Paleomagnetism: strips of alternating magnetic polarity at spreading regions.
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The age and
magnetic
reversals of
volcanic seafloor

Age of Atlantic
Ocean Basin
millions
of years
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Confirming Plate Tectonics

Hot Spots: Surface formations from plumes of magma
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plate moving over stationary lava plume... result: volcanic chain



The Hawaiian islands...

A) Formed near a subduction zone as a
volcanic arc

B) Formed at a divergent boundary

C) Didn’t form at a plate boundary

D) Were once located at the south pole



Confirming the Theory of Plate Tectonics
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Atolls and Guyots: Coral formations and submerged volcanic mountains.

Guyots were once volcanic peaks above sea level.
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