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Plate Tectonics
Questions for Review


1.
What causes strain in rocks? How do elastic and plastic materials differ in their behavior?

Strain results from the application of stress. In an elastic material, the strain is proportional to the applied stress, and when the stress is released, the material returns to its original dimensions. In a plastic material, the strain is not proportional to stress, and the deformation is permanent.


2.
What is plate tectonics, and how are continental drift and seafloor spreading related to it?

Plate tectonics is the theory that the rigid lithosphere is broken up into plates that move over the asthenosphere below. Seafloor spreading is the parting of plates of oceanic lithosphere moving away from a spreading ridge, with production of new oceanic lithosphere at the plate boundary. Continental drift describes the motion of continental lithosphere over the earth’s surface.


3.
Define the terms lithosphere and asthenosphere. Where are the lithosphere and asthenosphere found?

The lithosphere is the outermost, elastic and often brittle layer of crust and uppermost mantle, 50 to 100 kilometers thick. It is directly underlain by the asthenosphere, a plastic zone that extends to an average depth of about 500 kilometers in the upper mantle.


4.
Describe two kinds of paleomagnetic evidence supporting the theory of plate tectonics.

One type of paleomagnetic evidence is the existence of magnetic stripes of normally and reversely magnetized rocks on the sea floor that record reversals of the earth’s magnetic field while new sea floor formed at the ridge. Also, so-called polar-wander curves describe how the apparent position of the magnetic pole has shifted relative to the continents through time; in fact, however, it is the continents that have shifted relative to the magnetic poles.


5.
Cite at least three kinds of evidence, other than paleomagnetic evidence, for plate tectonics.

Fossil correlation of distinctive animals and plants between continents now widely separated, along with correlation of rock types and structures between such continents, suggest that the continents were once together. Also, climatic evidence allows determination of paleolatitudes of continents, which often differ greatly from their present latitudes. The age distribution of seafloor rocks and bottommost sediments is another line of evidence: These materials are youngest near the spreading ridges, progressively older farther away.


6.
Explain how a subduction zone forms and what occurs at such a plate boundary.

A subduction zone forms in a zone of collision where at least one of the plates has sea floor at the leading edge; the relatively dense oceanic lithosphere can be pushed down into the mantle, or subducted. In a subduction zone, both shallow- and deep-focus earthquakes occur as a consequence of the stresses associated with convergence and the presence of brittle lithosphere at depth. There is also volcanic activity: The down-going lithosphere, any sediments carried into the mantle with it, and overlying mantle material may melt. If the overriding plate is of continental lithosphere, mantle  melts rising into the crust may also melt continental crust, contributing to further, more-silicic volcanism.


7.
What are hot spots, and how do they help to determine the rates and directions of plate movements?

Hot spots are isolated areas of volcanic activity not associated with plate boundaries, possibly corresponding to areas underlain by anomalous mantle. If the hot spots are assumed to be stationary, plate speed and direction over a hot spot can be determined by the ages and positions of the volcanoes produced by the hot spot on the plate above.

8.
Describe how convection in the asthenosphere may drive the motion of lithospheric plates. Alternatively, how might plate motions churn the plastic asthenosphere?

If convection drives plate motions: Hot material rises at spreading ridges, cools, and moves laterally away from the ridges, dragging plates with it. Eventually, the circulating asthenosphere cools and sinks, probably in subduction zones, to be reheated and, eventually, to rise again, completing the cycle. Alternatively, it may be that gravity pulling down on cold, dense lithosphere in subduction zones pulls the trailing lithospheric plates along, parting the plates at a spreading ridge, reducing pressure and allowing magma to form and rise at the ridge, while lateral plate motions drag asthenosphere along, away from ridges and eventually down in subduction zones.


9.
Describe the rock cycle in terms of plate tectonics, making special reference to the creation of new igneous, metamorphic, and sedimentary rocks.
Rocks of all types can be recycled or reworked by appropriate geologic processes. Weathering from the continents leads to sedimentation and the formation of sedimentary rocks from a variety of preexisting rocks. In collision zones, some of these sedimentary rocks are metamorphosed, and some are carried into the mantle along with subducted sea floor to be remelted in the asthenosphere. Melt from the asthenosphere rises at spreading ridges to form new volcanic rocks; over subduction zones, melt rises to form chains of volcanoes, and some of that melt metamorphoses deep-crustal rocks as well. No rocks remain unchanged over the vast spans of geologic time, and most have been reworked many times.
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