EPS 101 Spring 2003– Adrian Brearley – Lectures  29-31

Plate Tectonics (Chapter 19)
Key concepts 

Know: 

1) The origin and growth of the theory of plate tectonics.

2) General location of plates and plate boundaries

3) Major features and processes that occur at each type of plate boundary.

4) The speed of plate motion and how it is determined.

Continental drift – theory of the large scale movement of continents over the Earth.

Pangaea – a postulated supercontinent (greek ‘All land’) that broke up about 200 million years ago into the continents as we now see them.

Convection – the process of circulation of material within the mantle that drives plate tectonics. Convection in the mantle is driven by heat generrated by radioactive decay within the earth.

Seafloor spreading – the concept of the opening up of the seafloor at mid ocean ridges and the generation of new oceanic crust by magma rising at midocean ridges.

Paleomagnetism – field of geology that examines the magnetic fields of the earth recorded by minerals when they crystallize in rocks. These magnetic fields can be studied and the orientation of the earth’s magnetic field recorded.

Thermoremnanent magnetization –magnetization recorded by magnetic minerals such as the iron oxide magnetite when they crystallize under the influence of the Earth’s magnetic field.

Magnetic reversals – periodically the direction of the Earth’s magnetic field reverses and this process has occurred numerous times through geologic time. These reversals are recorded in the magnetic properties of rocks.

Magnetic anomaly pattern – magnetic pattern recorded by magnetized basaltic rocks on the ocean floor that records the reversals of the Earth’s magnetic field through time. The patterns are symmetrically developed on either side of the mid ocean ridge providing convincing evidence of seafloor spreading.

Isochrons – Imaginary contours put on maps of the seafloor that connect rocks of equal age and enable the time dependent evolution of the ocean floor to be visualized.

Plate boundaries

Divergent plate boundaries  – boundaries were plates separate and move apart in an extensional environment. 

Seafloor plate separation – Divergent plate boundary in the oceans, defined by mid ocean ridges. Molten magma rises along mid ocean ridges to fill the fissures created by the separation of the plates (the process of seafloor spreading).

Continental plate separation – divergent plate boundary within continents. Characterized by long rift valleys, with basaltic volcanic activity and shallow focus earthquakes. The Rio Grande Rift, the Great Rift Valley of East Africa.

Convergent plate boundaries – boundaries between plates where collisional occurs between plates and creates a compressional environment.

Continent-continent collisional boundaries – convergent plate boundaries where the collision is between two continents, resulting in great shortening of the crust and the formation of mountain belts like the Himalaya and the Alps.

Ocean-continent collisional boundaries – convergent plate boundary involving a collision between oceanic crust and a continent, e.g. the western seaboard of South America where an oceanic plate is being subducted beneath South America with the resultant formation of the Andes mountain chain.

Ocean-ocean collisional plate boundaries – convergent plate boundary between two oceanic plate, one being subductted beneath the other. Island arcs, chains of volcanic islands form above the subduction zone. Many of the subduction zones around the Pacific Ring of Fire are island arcs, e.g. the Aleutian chain of volcanoes extending westwards from Alaska.

Transform fault boundary – A boundary between plates that are sliding past each other, e.g. along the San Andreas fault.

Rock assemblages associated with different plate tectonic environments

Divergent plate boundaries

Ophiolite suite – assemblages of igneous rocks that make up the seafloor (oceanic crust), consisting of deep sea sediments, submarine basaltic lavas and mafic igneous intrusions.

Rift valleys – early stages characterized by volcanic eruptions of basaltic rocks along the rift. As the rift opens further and and can be flooded by the sea, continental shelf deposits of sedimentary rocks will form.

Convergent plate boundaries

Ocean-ocean plate boundary – subduction zone. Deep sea sediments on the top of the plate are mostly scraped off the top of the plate into wedges of sediment at the base of the trench at the edge of the continent. Some sediment is carried down to depth and at 50-100 km begins to melt along with the mafic and ultramafic rocks in the subducting plate. Produces magmas that rise into the crust as well as water that is driven off by heating of the plate. These rise and cause melting of the overlying crust and produce a range of magma compositions from basalt to andesite to dacite.

Ocean-continent boundary – subduction zones. Mountain belts are produced by continuous build up of magmas produced by melting of the subducting plate. Metamorphic rocks are produced by intrusion of large numbers of intrusions of magma. Thick sedimentary sequences form in the depression or trench in the seafloor on the continental margin. These sediments are compressed against the leading edge of the continent as the plate descends and pile up to form a complex, chaotic mixture of deep sea sediments, new sediments derived from the eroding continent and slivers of seafloor that are scraped off the plate. These chaotic assmeblages of rocks are called melanges.

Continent-continent boundary. Regions of mountain building causes by compressing material into a much shorter length. Zone of intense deformation, folding and the formation of hig mountain ranges. Thrust sheets develop as rocks are pushed over each other to accommodate the shortening. Some rocks are pushed down to considerable depths and are metamorphosed and some eventually melted to produce igneous rocks that rise and are emplaced into mountain belt. Usually granitic rocks. Segments of oceanic crust that have been compressed during the collision can occur  within the mountain belts and are relics of ancient oceanic crust that disappeared during the convergence of the continents.
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