
Plate Tectonics

•Continental Drift and Pangaea

•Evidence Supporting Plate Tectonics

•Convergent, divergent, and transform plate          
boundaries

•Positions of continents during each geologic era

•Utah during Mesozoic and Cenozoic periods



Theory of Continental Drift

• Alfred Wegener, a German geographer and 
meteorologist in the early 1900’s, came to 
believe that the continents appeared to fit 
together like a puzzle.

• Wegener proposed a hypothesis that all the 
continents were, in fact, connected at one 
time as one single land mass which he named 
“Pangaea”, which means “one earth” in Greek.



Wegener’s supporting evidence:

• Fit of coastlines –Europe/North America; 
Africa/South America; Africa Arabia

• Fossils –finding the exact same fossils in 
various continents with no obvious means of 
getting distributed globally.

• Geologic Units Matching –ex: Appalachian 
Mtns. In US and Canada match the range in 
Great Britain, Southern Greenland, 
Scandinavia, and N.W. Africa
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• PALEO-CLIMATES

- Evidence of ancient glaciers where they don’t 
belong –places near the equator such as 
Australia, central Africa, India. How could the 
Earth have gotten that cold?

- Coal in areas where they don’t belong –in 
places close to the poles (Canada, Siberia, 
Antarctica).  And coal forms in warm swampy 
environments with thick plants grow. Something 
must have happened to change the climates.



Wegener’s idea was canned

• 1912 - Wegener proposed that the continents 
floated like “boats”.

• World War I was now underway; Wegener 
could not prove Continental Drift, so the idea 
died.  

• Wegener froze to death on an expedition to 
Greenland, thinking his theory was a failure.



Sea Floor Spreading, the theory that 
replaced Continental Drift

• Wars often spawn great advances in science as in 
World War II when SONAR was first used to 
detect enemy submarines and locate landing 
zones for coastal invasions. SONAR also collected 
data that led to a much greater  understanding of 
our planet.

• For instance, the ocean floor was not flat, as 
previously thought.  In fact, a huge chain of 
mountains was found running down the middle 
of the Atlantic.



MOR

• The Mid-Atlantic Ridge was a huge chain of 
mountains that wrapped all the way around 
the Earth. It was then renamed the Mid-Ocean 
Ridge (MOR).  40,000 miles long and averages 
10,000 feet tall above the surrounding ocean 
floor. It is the largest mountain range on the 
planet.



New Discoveries

• Geologist found that rift valleys at the center 
of the MOR were much warmer than the rocks 
making up the rest of the ocean floors. This 
implied that the younger rock was at the 
center of the MOR and rocks became older as 
you moved towards the edge of the oceans. 
This pattern repeated on both sides of the 
MOR.



Theory of Sea Floor Spreading (SFS)
in the 1950’s

• As geologists developed tools to measure the 
magnetic orientation of the rocks, they found a 
similarly repeating pattern of magnetic orientation 
on both sides of the Ridge. 

• All of this new information led to a new discovery.  
Put simply:  That new ocean crust was created at the 
MORF’s and this pushed the older ocean crust away 
to either side.  This process creates new ocean floors, 
makes oceans wider, and can move continents.
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• The theory that states the outer layer of the earth, 
the lithosphere, consists of separate pieces or 
“plates’ that can move with respect to each other.

• You will always find lots of earth quakes along plate 
boundaries.

• There are 12 major plates.

• They move an average of 15 cm a year. Europe and 
North America are getting closer together.



What can make these plates move?

• Plates were thousands to millions of square 
kilometers in size –the energy and force 
strong enough to make them move had to be 
enormous! 

• Wind, Earth’s rotation were considered, but 
geologists realized that the force strong 
enough to move plates had to come from 
inside the Earth itself.



CONVECTION CELLS

• The current theory is that the heat rising from 
the extremely hot core of the Earth rises and 
makes the non-solid mantle above move in 
huge circular patterns called CONVECTION 
CELLS.

• As the mantle moves, it drags the plates on it 
along.  The result is that plates move in 
various directions at varying speeds. 1 cm/yr 
to 15 cm/yr.



Quakes and Volcanoes

• Geologists plotted the locations of quakes and 
volcanoes worldwide and saw patterns that 
outlined the locations and sizes of the plates.

• They figured that most earthquake and 
volcanic activity would occur around the 
edges of these plates where they were 
bumping into other plates.



Different Types of Boundaries

Geologists figured out that there were four 
distinct types of plate boundaries:

• Divergent boundaries

• Convergent boundaries

• Transform boundaries

• Subducted boundaries



Divergent Boundaries

• Two plates pull apart or “diverge”.  

• Can result in:

– Continents breaking apart

– Crust is being formed

– Produce rift valleys and fault-block mountains and 
volcanoes.

– Currently active divergent boundaries are the Mid-
Ocean Ridges, Great African Rift, and the Great 
Basin here in North America (say, that’s us!)



Divergent Boundaries



Great Basin





Convergent Boundaries

• This is where two plates of continental crust 
come together, or “converge”.  They bunch up 
to create areas with large quakes and 
mountain ranges, but practically no volcanoes.

• Currently active convergent boundaries are 
the Himalayas in Asia, Alps in Europe, and a 
range in eastern Siberia called the 
Verkhoyansk Mountains.



Convergent Boundaries

• Crust is being destroyed.



Transform Boundaries

• Transform plate boundaries are when two 
plates move sideways past each other.  This 
does not really cause large mountains or 
volcanoes to form.  What occurs are called 
FAULT ZONES, where large earthquakes are 
frequent.

• An examples of a transform boundary is the 
San Andreas FZ in California.  



Subducted Boundaries

• Subducted boundaries occur when a plate of 
oceanic crust gets pushed or pulled beneath 
another plate and returns to the mantle.

• This is quite dramatic and happens in two 
ways on planet Earth.



Ocean-Continent Subduction

• A heavy, dense basalt ocean plate subducts
beneath a light, less dense granite continental 
plate.

• This type of subduction always creates a deep 
slash in the ocean floor where the plates come 
together off the coast (TRENCH). There will be 
a range of composite volcanoes following the 
line of subduction, where the plate edge melts 
as it is pulled down toward the hot magma.



Subducted Boundaries

• Formation of Island Arcs



Ocean-Ocean Subduction

• This happens when two basalt ocean plates 
meet and one subducts under the other. This 
always creates a trench and a range of 
volcanoes, but they are in the middle of the 
ocean, and not near a coast.  This creates an 
ISLAND ARC.

• A few examples: Aleutian Islands, AK; Indies 
Islands of the Caribbean, Central America, 
Phillipines



North America –Tectonic History

• Two main Orogenies, or mountain-building 
events:  Sevier and Laramide

• The Laramide Orogeny formed the structure 
of the present Rocky Mountains during the 
Paleocene Epoch.

• The Sevier Orogency is found in Nevada/Utah 
border.



Late Mesozic Era 
Cretaceous Period, 145-65 Ma

• Along western North America, the SierranArc, 
a range of volcanoes were very active. This 
activity created the Sierra Nevada Mountain 
Range.  

• In addition, there was compression caused by 
convergent boundaries eastof the arc, causing 
huge thrust faults. Geologists call this the 
Sevier Orogeny.  



Mesozoic Era 

• Pangaea broke apart and the Atlantic Ocean 
formed.

• Dinosaurs appeared in Late Triassic time and 
was the dominant land animal in the Mesozoic 
Era.

• End of Cretaceous, the mass extinction of 
dinosaurs occurred, most likely due to the 
impact of a huge meteorite with the Earth.



LaramideOrogeny

• At the end of the Cretaceous Period, 
continued compression along the plate 
boundaries of western North America caused 
large faults in the region of Wyoming, 
Colorado, eastern Utah, and northern Arizona 
to slip.  These faults reach deep into 
Precambrian rocks which cause basement 
uplift.  Overlying layers of rock warp, folding 
and draping like a carpet. 



Cenozoic Era –Utah and western U.S. 

• Convergent tectonics came to a stop, but the 
west began undergoing rifting (stretching) in 
an east-west direction.

• Rifting in the western United States produced 
the “Basin and Range Province”. 

• Resulting topography is multiple, long, narrow 
mountain ranges separated by flat sediment-
filled basins. (mtn. ranges look like caterpillars)


