Lab #10, Exploring Plate Tectonics

P. Colgan, K. Heid


The theory of plate tectonics is one of the most important models in geology.  It evolved from the earlier continental drift hypothesis primarily due to discovery of new information about the oceans. Information about fossil distribution, ocean sedimentation, magnetism of rocks, volcanoes, and earthquakes have all have been used to help support and unite earlier hypotheses into plate tectonics.  During the 1960s and 1970s after much testing and revising, the best models that scientist had for explaining how and why the earth’s crust moves developed into the theory that is widely accepted today.  This model will continue to change and be revised as new information about the Earth is discovered.


In the early 1900’s Alfred Wegener, proposed a hypothesis that the Earth’s continents move. This is known as the continental drift hypothesis. At the time this idea was widely criticized due to its lack of an explanation for what could be the driving force to move the continents.  Starting in the late 1920’s and through the 1960’s the idea that convection currents and gravity were recognized as possible driving forces of plate movements.

The theory of plate tectonics explains that the Earth is made up of lithospheric plates that move relative to each other.  Divergent boundaries are locations where the crust moves apart and new ocean crust forms. Convergent boundaries are where plates are pushed together and the crustal material is being subducted or compressed.  While at transform boundaries plates are sliding past each other horizontally the crust is neither created nor destroyed.  

The breakthrough in the plate tectonics revolution occurred with the idea of seafloor spreading.  Where magma rises to the surface at divergent boundaries new crust is being formed.  As this new igneous rock cools the magnetic minerals align with the existing magnetic field of the Earth.   So the rock becomes a magnetic fossil recording the original magnetic alignment which can show the time and place it was formed. The igneous rock will keep that alignment with the Earth’s magnetic poles as long as it remains below it’s Curie point (temperature at which rock needs to be heated for magnetism to disappear).   


The model of sea-floor spreading was verified as scientists collected information about the paleomagnetic alignment found within the rocks.  They discovered magnetic anomalies within the ocean crust.  Magnetic minerals seeking north in igneous rocks forming today align with our present day magnetic field which is aligned with the geographic poles.  The studies of paleomagnetism show that the Earth’s magnetic field has been reversed many times in the past.  This means that the magnetic minerals trying to align with north in the past, aligned toward the south geographic pole.  Minerals that align toward the present day north magnetic pole are considered to display normal magnetic polarity, while minerals aligned toward the south geographic pole display reversed magnetic polarity. This polarity difference became very important when scientists found that as their ships towed magnetometers across the oceans floor.  They found parallel bands of magnetic anomalies on each side of the mid-ocean ridges which are located at divergent boundaries.  Igneous rock can be radiometric dated and so ages could be assigned to the bands. Scientists found that rocks of the same age had the same alignments.


More evidence was found by studying convergent plate boundaries.   Convergent plates are comprised of either oceanic crust or continental crust and the underlying lithosphere.  When two plates move together subduction occurs as all or part of a plate sinks beneath the other plate.  Oceanic crust is composed of more dense material so when it converges with continental crust, the oceanic plate subducts into a feature known as a trench.  When two oceanic plates meet one of the plates moves beneath the other forming a trench.  Due to their less dense nature when two continental plates meet more deformation occurs than subduction.


Many of the Earth’s earthquakes and volcanoes occur along convergent boundaries.  An earthquake’s vibrations occur due to the ground faulting (breaks in crust) along the boundary of the meeting plates and within the descending crust as it subducts.   Volcanoes also have been linked to convergent boundaries.  Volcanic arcs have been found to be located 100-300 km away from the trench of subduction zones.   These chains of volcanoes seem to be the result of magma that forms as the result of the subduction.


Transform boundaries are also large strike-slip faults.  At these locations the plates are broken into segments where the faults are almost vertical and the ground is moving horizontally.  These boundaries generally are locations where the crust is transitioning between two types of plate boundaries.  


It has been found that rising magma does not only occur near convergent and divergent plate boundaries.  The Earth has over 100 hot spots, places where plumes of hot magma rise up from the mantle and breach the plates.  The position of the rising plumes is fixed and so as the lithosphere move over the hot spots a string of volcanoes form on the plate.  These chains of volcanoes are an indicator of plate movement.
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Materials:   Rice University map set, group data sheet, overhead map, colored pencils.

Procedure:

1. Look at your set of world maps and as a group discuss the big picture.

a. Are there any distribution patterns between the volcanoes and earthquakes?

b. Are there any patterns between the surface data when comparing the topography and the seafloor age?

c. Is there a pattern to the earthquake depth at the boundaries?

d. Any other interesting things to note about the maps?
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Name __________________









Lab Section _____________

Write Your Detailed Observations Here:

	a.

	b.

	c.

	d.


2. Plate Name _______________________________   *Assigned by instructor
Look at the boundaries of your groups’ plate.  
Note similarities and differences around boundary sides.
a. Determine which of the three types of plate boundaries are present.

b. Look at the information provided by the 4 maps:  elevation differences?  

any symmetrical/asymmetrical patterns?  

patterns between features on different maps?  *these are just suggestions 
3. Plate Boundary Map:

a. Using markers/color pencils create neat and organized informational map about your plate.  Leave space for the color/symbol key on the front of your map.  

b. Add information onto your map that will help illustrate your interpretation of the information provided on the maps.

c. Make a color/symbol key for map information.

d. Determine the direction the plate is moving relative to the surrounding plates.  Draw a directional arrow on your map.

4. Map Details:

Discuss/Explain details about what you found out about your plate.
· Geography – major landforms and features of the plate
· Seismology - earthquakes
· Volcanology - volcanoes
· Geochronology – age of rocks in plate
Map Details:

	
	Presentation points to share in discussion/presentation

	Geography


	

	Seismology


	

	Volcanology


	

	Geochronology


	


Questions:

1. List the type of boundaries found along the edges of your plate.

2. What type of plate crust is your plate made of? (oceanic/continental)
3. Is your plate younger or older than surrounding plates?

4. What general direction is your plate moving?

5. At what rate (cm/year) is your plate moving?  Show your work and briefly explain the method you used to determine movement.  
6. Why is the depth of an earthquake an important piece of evidence?

7. List key geologic features found on/near your plate boundaries.
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