
Chapter 2: Plate 

Tectonics 



Section 1: Where Are the Volcanoes and Earthquakes? 

• Can volcanoes form anywhere on Earth? Why or why not? 

• Can earthquakes occur anywhere on Earth? Why or why 

not? 



• geologist: a scientist who studies the materials, 

processes, and history of Earth. 

• geoscientist: a scientist who studies the 

processes of the geosphere, atmosphere, 

hydrosphere, cryosphere, and biosphere on Earth 

and other planets. 

• crust: the thin, solid, outermost layer of Earth. 

• oceanic crust: the crustal rocks that underlie the 

ocean basins. 

• continental crust: the crustal rocks that underlie 

the continents. 

Section 1: Where Are the Volcanoes and Earthquakes? 



Figure 1 Schematic diagram showing the layered structure of 

Earth’s interior. 



• mantle: the zone of Earth below the crust and 

above the core. It is divided into the upper mantle 

and lower mantle with a transition zone between. 

• core: the central part of Earth; it is divided into an 

outer core that may be liquid and an inner core 

that may be solid. 

• lithosphere: Earth’s crust and the uppermost part 

of the mantle. 

• asthenosphere: lower part of Earth’s mantle that 

can flow very slowly. 

Section 1: Where Are the Volcanoes and Earthquakes? 



Figure 2 The layered structure of the upper mantle. 



• lithospheric plate: a rigid, thin segment of the 

crust and part of the upper mantle. A lithospheric 

plate can be assumed to move horizontally and 

adjoins other plates. 

• convergent plate boundary: a region where two 

(or more) lithospheric plates move toward one 

another and collide. 

• divergent plate boundary: a region where 

lithospheric plates are moving away from each 

other. 

• transform boundary: a region where lithospheric 

plates are moving horizontally in relation to one 

another. 

Section 1: Where Are the Volcanoes and Earthquakes? 



• plate tectonics: a theory in which the lithosphere 

is divided into a number of plates that move 

relative to one another. 

• volcano: a vent in the surface of Earth through 

which magma and associated gases and ash 

erupt. 

• magma: naturally occurring molten rock material 

generated within Earth. 

• lava: fluid rock that comes out of a volcano. 

Section 1: Where Are the Volcanoes and Earthquakes? 



Figure 3 Lava flows occur on the continents and on the ocean 

floor. 



Figure 4 Cross section of a mid-ocean ridge. 



• mid -ocean ridge: a continuous mountain range 

extending through the North and South Atlantic 

Oceans, the Indian Ocean, and the South Pacific 

Ocean. 

• rift valley: the deep central cleft in the crest of the 

mid - ocean ridge. 

• hot spot: a fixed source of abundant rising magma 

that forms a volcanic center that has persisted for 

tens of millions of years. 

• seamount: an elevation of the seafloor, 1000 m or 

higher, either flattopped or peaked. 

Section 1: Where Are the Volcanoes and Earthquakes? 



Figure 5 The plates of Earth and the Ring of Fire around the 

Pacific Ocean. The circles show active volcanoes. 



Figure 6 The Hawaiian Islands chain and the Emperor 

seamount chain. 



Figure 7 Satellite image of the Hawaiian Islands. 



• earthquake: a sudden motion or shaking in Earth, 

caused by the abrupt release of slowly 

accumulated strain. 

• earthquake (seismic) wave: a general term for all 

elastic waves in Earth produced by earthquakes or 

generated artificially by explosions. 

• focus (plural: foci): the point of an earthquake 

within Earth where rupture first occurs to cause an 

earthquake. 

• epicenter: the point on Earth’s surface directly 

above the focus of an earthquake. 

Section 1: Where Are the Volcanoes and Earthquakes? 



Figure 8 The directions that Earth’s lithospheric plates move 

are shown by arrows. The circles show earthquake locations. 



Figure 9 The relationship between the focus and the epicenter 

of an earthquake. 



Figure 10 Aerial photograph of the San Andreas Fault. 



Section 2: Earth’s Moving Lithospheric Plates 

• How can you locate your position on Earth’s surface? 

• How would you be able to find out whether your position on 

Earth has moved? 



Measurements of movements at GPS recording stations in 

North America. 



The location and elevation 

of GPS station WES2 over 

time. The vertical lines 

above and below each 

point are called “error 

bars.” They show the 

uncertainty in the 

measurement. They tell 

you that the real value 

might lie anywhere within 

the error bar. 



Figure 1 A schematic cross section through the outer part of 

Earth. 



Figure 2 A GPS receiver is used to measure changes in the 

elevation of this volcano. 

• Global Positioning System (GPS): a satellite-

based system for accurate location of points on 

Earth. 



Section 3: What Drives the Plates? 

• What causes lithospheric plates to move? 



Figure 1 These liquids and solids 

have separated because of their 

different densities. 

• density: the mass per unit 

volume of a material or 

substance. 



Figure 2 Diagram illustrating Newton’s law of gravitation. 



Figure 3 The decreased density of the heated air inside a hot-

air balloon causes it to float. 



Figure 4 One possible pattern of thermal convection in Earth’s 

mantle. Convection cells like this might provide at least some of the 

driving force for the movement of lithospheric plates. 

• thermal convection: a pattern of movement in a fluid caused by 

heating from below and cooling from above. Thermal convection 

transfers heat energy from the bottom of the convection cell to the 

top. 



Use your understanding of density to calculate the missing 

values in the table below. 



Section 4: Plate Motions and Plate Interactions 

• Where do you think you would find the most “action” on 

Earth in regard to crust formation? Why? 

• Where would be logical places to look for crust being 

destroyed? Why do you think that? 



World map of major lithospheric plates. Arrows show the 

motions of the plates relative to the African Plate, which 

happens to be moving most slowly relative to Earth’s axis of 

rotation. 



• subduction: the process of one lithospheric plate 

moving beneath another. 

• igneous rock: rock formed by volcanic activity. 

• basalt: a kind of volcanic igneous rock, usually 

dark colored, with a high content of iron. 

Section 4: Plate Motions and Plate Interactions 



Figure 1 The formation of magnetic striping. New oceanic crust 

forms continuously at the crest of the mid-ocean ridge. It cools 

and becomes increasingly older as it moves away from the 

ridge crest with seafloor spreading: a. the spreading ridge about 

5 million years ago, b. about 2 to 3 million years ago, and c. 

present day. 



Figure 2 Map of the world’s ocean floor. The crest of the mid -

ocean ridge system is shown as a broad, light blue line 

throughout the ocean floor. The flanks of the mid- ocean ridges 

slope gradually down to the deeper part of the oceans, nearer 

to the continents. 



Figure 3 This map shows the network of fractures along the 

mid-ocean ridge in the eastern Pacific Ocean floor. Because the 

ocean floor spreads away from both sides of the ridge, the 

fractures indicate the direction of plate motion. 



Section 5: Plate Boundary Environments 

• Why are most high mountain ranges located at or near 

plate boundaries? 



Cross section of two subduction zones. 



• subduction zone: a long, narrow belt in which one 

plate moves downward into the mantle beneath the 

edge of another plate at a convergent plate 

boundary. 

• rift: a long crack in a lithospheric plate formed by 

hot mantle pushing up from below. 

• rift valley: a large, long valley on a continent, 

formed where the continent is pulled apart by forces 

produced when mantle material rises up beneath 

the continent. 

• trench: a long, narrow, elongated depression of the 

deep seafloor. 

Section 5: Plate Boundary Environments 



Figure 1 The formation of a rift valley on a newly rifted 

continent. 



Figure 2 Cross sections of 

subduction zones. The lower 

cross section shows 

subduction of an oceanic 

lithospheric plate beneath 

another oceanic lithospheric 

plate (“ocean-ocean 

convergence”). The upper 

cross section shows 

subduction of an oceanic 

lithospheric plate beneath a 

continental lithospheric plate 

(“ocean-continent 

convergence”). 



• hydrothermal vent: a very hot spring on the ocean 

floor where heated, mineral-rich water exits from 

cracks in Earth’s crust. 

• batholith: a large mass of igneous rock formed 

when magma intrudes and solidifies. 

• continental accretion: the growth of a continent 

along its edges. 

• suture zone: the zone on Earth’s surface where two 

continents have collided and have been welded 

together to form a single continent. 

Section 5: Plate Boundary Environments 



Figure 3 Hot, mineral-rich water flows out of hydrothermal 

vents. 



Figure 4 A hot spot produces the hot springs at Yellowstone 

National Park. 



Figure 5 The Himalayas and 

the Tibetan Plateau were 

formed by the collision of the 

Indo-Australian Plate with the 

Eurasian Plate. The Indo-

Australian Plate is being 

shoved horizontally 

underneath the Eurasian 

Plate, so the continental crust 

in the Himalayas and the 

Tibetan Plateau is much 

thicker than normal. 



Figure 6 Plates showing a transform boundary. 



Figure 7 Sketch of a mid-ocean ridge, showing segments of the 

ridge crest offset by transform faults. 



The map shows hot spots around the world. 



Black smokers, which vent 

superheated water from below 

Earth’s crust, form at the mid-

ocean ridges. 



Section 6: The Changing Geography of Your Community 

• How would you be able to decide if all the pieces came from 

the same puzzle? 

• How could you convince someone else that the pieces came 

from the same puzzle? 



Generally accepted reconstruction of Pangea, in the Permian 

Period of geologic time, 250 million years ago. 



• fossil: any evidence of past life preserved in 

sediments or rocks. 

• fold: a bend in a planar feature of rock. 

• Pangea: Earth’s most recent supercontinent, which 

was rifted apart about 200 million years ago. 

• supercontinent: a large continent consisting of all 

of Earth’s continental lithosphere. Supercontinents 

are assembled by plate tectonic processes of 

subduction and continent-continent collision. 

• paleomagnetism: the record of the past orientation 

and polarity of Earth’s magnetic field recorded in 

rocks containing the mineral magnetite. 

Section 6: The Changing Geography of Your Community 



Figure 1 Wegener used the severe folding and compression of 

the Alps as evidence to support his hypothesis of continental 

drift. 



Figure 2 Wegener’s proposal that continents plowed through 

oceanic crust was not accepted by many other geologists. 



Figure 3 The breakup of Pangea. 



Figure 4 Evidence used to reconstruct Pangea. 



Figure 5 The diagram shows how the lines of Earth’s magnetic 

field are arranged. 



Figure 6 The location of Earth’s continents 50 million years 

from now. 



Figure 7 The possible geography of Earth’s continents 250 

million years from now. 





Section 7: Volcanic Landforms 

• Why do different volcanoes have different shapes? 



• contour line: a line on a map that connects 

points of equal elevation of the land surface. 

• contour interval: the vertical distance between 

the elevations represented by two successive 

contour lines on a topographic map. 

• topographic map: a map showing the 

topographic features of the land surface. 

• relief: the physical configuration of a part of 

Earth’s surface, with reference to variations of 

height and slope or to irregularities of the land 

surface. 

Section 7: Volcanic Landforms 



The following are some important points to consider 

when interpreting topographic maps. 

• Contour lines never cross. (However, two or more 

can run together, where there is a vertical cliff). 

• The closer together the contour lines, the steeper the 

slope. 

• Contour lines for closed depressions, such as a 

volcanic crater, are marked with “tick marks.” (These 

are short lines at right angles to the contour line.) The 

marks point downward into the depression. 

• On most topographic maps, every fifth contour line is 

darker. Its elevation is always marked. 

Section 7: Volcanic Landforms 





Figure 1 Volcanoes such as these are called shield volcanoes 

because they somewhat resemble a warrior’s shield. They are 

formed when low-silica magma erupts. 



• silica: silicon dioxide (SiO2), the most abundant 

oxide in magma. 

• viscosity: the property of a substance to offer 

internal resistance to flow; its internal friction. 

• shield volcano: a broad, gently sloping volcanic 

cone with a flat-dome shape, usually several tens 

or hundreds of square miles in extent. 

• composite cone (stratovolcano): a volcano that is 

constructed of alternating layers of lava and 

pyroclastic deposits. 

• caldera: a large basin-shaped volcanic depression, 

more or less circular, the diameter of which is many 

times greater than that of the included vent(s). 

Section 7: Volcanic Landforms 



Figure 2 The eruption of low-silica magma along long, narrow 

openings in the Columbia Plateau flowed over a vast area. The 

result was a broad lava plateau that makes up the cliffs. 



Figure 3 Silica-rich magma does not flow readily and often 

forms a volcanic dome, such as the one shown in this 

photograph. 



Figure 4 Composite cones include the beautiful, yet potentially 

deadly Cascades in the northwestern United States (which 

includes Mt. Shasta, Mt. Rainier, and Mt. St. Helens). 



Figure 5 Calderas are deceptive volcanic structures. They are 

large depressions rather than conical peaks. Oregon’s Crater 

Lake, formed nearly 7000 years ago, is an example of this 

type of volcano. 





https://www.thinglink.com/scene/777233034813374466 

https://www.thinglink.com/scene/777233034813374466


Section 8: Volcanic Hazards: Flows 

• How do volcanoes affect the biosphere? 



Figure 1 Lava tubes form when the surface of a flow cools and 

crusts over, but the interior of the flow is still fluid. 



• lava flow: an outpouring of molten lava from a vent 

or fissure; also, the solidified body of rock so 

formed. 

• lava tube: a hollow space beneath the surface of a 

solidified lava flow. 

• pyroclastic flow: a high-density mixture of hot ash 

and rock fragments with hot gases formed by a 

volcanic explosion or aerial expulsion from a 

volcanic vent. 

• lahar: a wet, cement-like mixture of water, mud, 

and volcanic rock fragments that flows down the 

slopes of a volcano and its river valleys. 

 

Section 8: Volcanic Hazards: Flows 



Figure 2 The former village of Kalapana was buried by ava 

flows. 



Figure 3 Flow of pyroclastic materials from Mt. St. Helens 

destroyed everything in its path. 



Figure 4 The dark flow down the side of Mt. St. Helens is an 

example of a lahar flow. 



The map shows the path of a series of lava flows from Mauna 

Loa. Each flow is given a letter (A through G) in the order it 

happened. 

Source: USGS 



Section 9: Volcanoes and the Atmosphere 

• What kinds of materials are emitted during a volcanic eruption? 

• Could material from a volcanic eruption affect your community? 



Distribution of ash from the Mt. St. Helens eruption. 





Map showing the distribution of ash by five eruptions. 





• tephra: a collective term for all the pyroclastic 

material ejected from a volcano and transported 

through the air. It includes volcanic dust, ash, 

cinders, lapilli, scoria, pumice, bombs, and blocks. 

• volcanic bomb: a blob of lava that was ejected 

while viscous and received a rounded shape (larger 

than 64 mm in diameter) while in flight. 

• lapilli: pyroclastic material in the general size range 

of 2 to 64 mm. 

• ash: fine pyroclastic material (less than 2 mm in 

diameter). 

• acid rain: rain or other forms of precipitation that is 

unusually acidic. 

Section 9: Volcanoes and the Atmosphere 



Figure 1 Ballistic debris refers to volcanic bombs and lapilli that 

fall on or near the volcano. Ash can travel much further. 







Section 10: Earthquakes 

• If you have experienced an earthquake, describe your most vivid 

memory. If you have not experienced an earthquake, what would 

you expect to see, feel, and hear? 



• seismologist: a scientist who studies seismic waves 

and the information they provide about the structure 

of the interior of Earth. 

• fault: a fracture or fracture zone in rock, along which 

rock masses have moved relative to one another 

parallel to the fracture. 

• shear strength: the force needed to break a solid 

material. 

• elastic deformation: a nonpermanent deformation 

(bending), which recovers when the deforming force 

is removed. 

• elastic rebound: return of a bent elastic solid to its 

original shape after the deforming force is removed. 

Section 10: Earthquakes 



• friction: the force that resists the motion of one surface 

against another surface. 

• fault plane: the surface of a fault along which rock 

masses move. 

• primary wave (P wave): a seismic wave that involves 

particle motion (compression and expansion) in the 

direction in which the wave is traveling. 

• secondary wave (S wave): a seismic wave produced by 

a shearing motion that involves vibration perpendicular to 

the direction in which the wave is traveling. It does not 

travel through liquids, such as those forming the outer 

core of Earth. 

• surface wave: a seismic wave that travels along the 

surface of Earth. 

Section 10: Earthquakes 



Figure 2 This diagram 

shows how a. primary 

(compressional), b. 

secondary (shear), and c. 

surface waves move 

through Earth. 



Marine seismic vessel. 



Section 11: Detecting Earthquake Waves 

• What specific observations would you want to make to study an 

earthquake? 

• How could you detect and record the arrival of earthquake 

waves: P waves, S waves, and surface waves? 



The January 12, 2010 Haiti earthquake recorded in Katami 

National Park, Alaska. 



Figure 1 In the 1960s, a worldwide network of seismometers 

was developed to verify nuclear test-ban treaties. When a 

nuclear device is tested, seismometers around the world record 

the seismic waves that result from the blast. 

• seismometer (seismograph): an instrument that detects 

seismic waves. It receives seismic impulses and converts 

them into a signal such as an electrical voltage. 



Figure 2 Seismogram recorded in Dallas, Texas. 

Figure 3 Travel-time 

curve for an 

earthquake. 

• seismogram: the 

record made by a 

seismometer. 



Figure 4 The refraction of light rays moving between water and 

air makes this straw appear distorted. 



Figure 5 If Earth’s interior 

were completely uniform, 

wave rays would travel 

along straight paths. 

Figure 6 If Earth’s interior 

gradually increased in 

rigidity with depth, wave 

rays would travel along 

curved paths. 



Figure 7 The pathways of seismic waves passing through 

Earth’s interior. Earth’s core creates a shadow zone between 

103° and 43° away from the earthquake source. 

• shadow zone: an area where there is little penetration of 

seismic waves due to refraction at the core-mantle boundary. 



Figure 8 The S wave shadow zone created by Earth’s liquid 

outer core. 



Figure 9 Weak P waves in the shadow zone reveal the 

presence of an inner and outer core. 



Figure 10 Graph showing seismic velocities at depth in Earth. 



Figure 11 Earthquakes produce seismic waves that travel 

through Earth’s mantle. They reflect off the core-mantle 

boundary, revealing the structure of Earth from crust to core. 

Blue areas represent cooler than average parts of the mantle. 

Sometimes they show descending slabs of subducted crust 

that has not yet melted completely. 



Figure 12 Map of Earth’s gravity anomalies showing regions of 

greater positive and negative variations from a calculated value 

of average gravity. 

seismic tomography: technique adapted in the late 1960s from 

medical computer-aided imaging that uses seismic waves 

triggered by earthquakes or human-made explosions to build 

images of Earth’s structure. 



Figure 13 Gravity anomalies are shown by relief. Places where 

gravity is greater than predicted are shown in red and by raised 

elevation. Dark blue depressions indicate areas of lower than 

predicted gravity values. 



Figure 14 Heat flow and gravity values reveal the internal 

structure of the mid-ocean ridge. Seismic values vary away from 

the ridge crest. They increase with depth and away from the 

center. The names of various igneous rocks that form oceanic 

crust are given. 



In 132 CE, a Chinese scholar named Chang Heng made one of 

the earliest known devices used to record the occurrence of an 

earthquake. 



Section 12: Earthquake Magnitude 

• What factors would you look at to “measure” the size of 

an earthquake? 

• What damage do passing earthquake waves cause? 



• modified Mercalli scale: an arbitrary scale for 

earthquake intensity based on observed effects of 

shaking. 

• resonance: the natural oscillation period of an 

object. 

• tsunami: a great sea wave produced by a 

submarine earthquake (or volcanic eruption). 

• liquefaction: the temporary change of water-

saturated soil and sand from a solid to a liquid 

state. 

• Richter scale: a numerical logarithmic scale for 

earthquake magnitude. 

Section 12: Earthquake Magnitude 









Figure 1 In 2008, a magnitude 7.9 earthquake in China caused 

massive damage and killed at least 68,000 people. 



Figure 2 Moving to a higher elevation is one way to protect 

yourself from a tsunami. 



The Magnitude/Intensity Comparison table below compares the 

magnitude and intensity scales. The intensities listed are those 

typically observed at locations near the epicenter of earthquakes 

of different magnitudes. 




