Unit #3 ES 100 lecture outline and related internet links.

Introduction to Earth Science and Chapters 7, 8, 13, 9, and 10

For this unit read chapters 7, 8, 13, 9, and 10. Start with the chapter summaries. Learn the key terms and answer the review questions. The readings are required before class. The lectures and films augment and clarify the readings.  The ends of chapter questions are in order of the material presented in the text.  The CD Rom at the back of the book has additional material to help you.  

Films:

Please view the Earth Revealed videos before class.  

3. Earth's Interior (unit 3)

Oil wells do more than just produce oil — they serve as windows to Earth’s interior. This program introduces the topic of geophysics, exploring methods of studying what lies beneath Earth’s surface. Geophysicists use seismic wave studies, variations in temperature, magnetic fields, gravity, and computer simulations to create models of deep structures. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. How deep have we drilled into the earth, relative to it's size? 

2. What information can geophysicists get from the study of seismic waves? 

3. Describe reflection and refraction. 

4. Describe the internal structure of the earth. 

5. Describe the two fundamentally different types of crustal rock. 

6. What is an ophiolite? Describe in detail. 

7. Why are ophiolites of special interest to geologists? 

8. Describe the two basic types of seismic waves. 

9. How do geophysicists use this difference to study the interior of the earth? 

10. What happens to P and S-waves when they reach the core of the earth? 

11. How is earth's magnetic field used to study the earth? 

12. What are paleomagnetism and magnetic field reversals? 

13. How often does earth's magnetic field reverse? 

14. What concerns do geologists have about future field reversals? 

4. The Sea Floor (unit 3)

The mysteries of the ocean floor lie hidden under enormous pressure and total darkness. This program looks at the research submersibles and indirect methods used to study the bottom of the sea, providing a glimpse of volcanic activity, formations such as the continental shelf and mid-ocean ridges, and life forms that thrive at extreme depths. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What are conditions like on the seafloor? 

2. What is the main type of rock found on the seafloor? 

3. Describe the topography of the seafloor: shelf, slope, canyons, rise, and abyss. 

4. What are pelagic sediments? 

5. What do oceanic ridge systems represent? 

6. What is found at the crest of the oceanic ridges? 

7. Discuss the age of the ocean floor. 

8. What is seafloor spreading, and what does it do to the ocean floor? 

9. What is subduction, and what does it do to the ocean floor? 

10. Discuss methods used by marine geologists to study the seafloor. 

11. What types of metallic resources can be found on the seafloor? 

12. What conditions limit exploration and development of resources from the seafloor? 

13. Describe the ecological environment found at hydrothermal vent sites. 

14. Discuss pros and cons of the study, exploration, and development of the seafloor. 

5. The Birth of a Theory (unit 3)

In the 1960s, earth scientists developed the theory of plate tectonics. This program traces the development of plate tectonics, beginning with the contributions and methods of geologist Alfred Wegener. Sea-floor spreading, continental drift, paleomagnetism, and the primordial supercontinent Pangaea are some of the topics covered. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What unifying theory united diverse geological phenomena? 

2. List some of the evidence for Continental Drift. 

3. Who was Alfred Wegener? 

4. What was his "torn newspaper" analogy? 

5. What did skeptics attack about his theory? 

6. What mechanism did he propose for Continental Drift? 

7. What technology developed during WW II helped the theory? 

8. What is "Seafloor Spreading?" 

9. What are "Subduction Trenches?" 

10. How is "Paleomagnetism" used to support seafloor spreading? 

11. How did a study of "Magnetic Field Reversals" support seafloor spreading? 

12. What are "Transform Faults?" 

13. How did drilling by the Glomar Challenger support seafloor spreading? 

14. What is "Convection" and how does it relate to Plate Tectonics?

6. Plate Dynamics (unit 3)

This program examines the movement and interaction of tectonic plates, which account for a vast array of geologic formations and phenomena — from California’s San Andreas Fault to the Rift Valley of eastern Africa. The program covers convergent boundaries, subduction, hotspots, and the debate over what drives plate motion. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What are tectonic plates? Describe their general motions. 

2. Describe a divergent plate boundary, as exposed in Iceland. 

3. How do divergent and convergent boundaries work to keep earth the same size? 

4. Describe the 3 types of convergent plate boundaries. Give "real world" examples of each. 

5. Why does oceanic crust sink below continental crust? 

6. What 2 things happen as a subducting plate sinks back into the earth? 

7. Why are convergent volcanoes more explosive than divergent (basaltic) volcanoes? 

8. Describe the lithosphere and asthenosphere, and how they interact. 

9. How do strain rate and temperature affect plastic deformation in the mantle? 

10. Discuss possible mechanisms for plate motions (push, slide, and/or pull). 

11. What are mantle plumes? 

12. What will happen when Hawaii drifts off the hot spot? 

13. What questions remain about the theory of plate tectonics? 

7. Mountain Building (unit 3)

This program erodes the myth of the mountain as a solid, permanent structure. Animations are used to illustrate the process of orogeny (mountain building) through accretion and erosion, as well as the role of plate tectonics, the rock cycle, and how different types of rock are formed in the course of mountain building. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What are tectonic processes and what fuels them? 

2. What are cratons? 

3. What types of rock make up the Canadian Shield (as well as most other cratons)? 

4. Describe the initial formation of earth's continental crustal materials. 

5. How is greenstone changed into granitic continental rock? 

6. Why are the youngest portions of the continents along the edges? 

7. How does plate tectonics explain how ocean sediments are found in mountains? 

8. Describe the rock cycle. 

9. Describe the accretion process and how it relates to the building of the continents. 

10. What is a terrain? 

11. What commonly marks the boundaries of accreted terrains? 

12. What is responsible for the continued uplift of many major mountain ranges? 

13. What is isostasy? 

14. What two factors contribute to the formation of mountains? 

15. What does the Mediterranean Sea represent? 

8. Earth's Structures (unit 3)

A visit to the Grand Canyon lays the foundation for this exploration of rock layers and deformation. The program covers sedimentation, major structures, the methods used to examine them, and how petroleum may be trapped inside them. It also looks at tectonic force and the different types of stress involved in the formation of geologic structures. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What causes the forces which shape the earth's landscape? 

2. Discuss the development of sedimentary layering. 

3. How is the principal of Original Horizontality used to decipher earth history? 

4. What is an outcrop? 

5. What is a geologic cross-section? 

6. What are the 3 main categories of geologic structures? 

7. What causes rocks to fold? 

8. Describe anticlines and synclines. Diagrams would help. 

9. What causes rocks to fracture instead of fold? 

10. Describe the difference between dip-slip, strike-slip, and oblique-slip faults. 

11. Describe normal, reverse, and thrust faults. Diagrams would help. 

12. Discuss compressional and tensional stresses. 

13. What is the difference between plastic strain and elastic strain? 

14. What happens if the elastic limit is exceeded? 

15. What types of stresses are involved with what types of faults? 

16. What is an unconformity and how do they form? 

17. What is a nonconformity,? Why do they represent the greatest lapse in time? 

18. Why is folding especially important to economic geology? 

19. How are gas, oil, and water trapped by earth structures? 

20. How does the study of structural geology relate to our modern society? 

9. Earthquakes (unit 3)

Showing actual footage of earthquakes and their aftermath, this program discusses the forces that fuel these massive events. Faults, waves, and the transfer of energy from the epicenter are explained, and histories of the seismograph and Richter scale are presented. The program also describes devices being developed to study — and eventually predict — earthquakes. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What is the ultimate cause of movement within the earth's crust? 

2. What are the benefits of living in a world that experiences earthquakes? 

3. What causes earthquakes? 

4. What is a fault? 

5. What happens to the energy released during an earthquake? 

6. Summarize the different types of seismic waves. Be specific. 

7. Describe how seismologists use seismic velocities to locate earthquake epicenters. 

8. What is a seismograph and how does it work? 

9. Describe the Richter magnitude scale. 

10. What is the difference in energy released between one Richter value and the next? 

11. How does the period of an earthquake relate to a building's natural period? 

12. What happens when they match? 

13. Why was the Parkfield area chosen as a good location to study earthquakes? 

14. How are geophysicists studying the San Andreas fault near Parkfield? 

15. What do scientists hope to see before the next Parkfield earthquake? 

16. What are foreshocks and how do they relate to earthquake prediction? 

17. What factors complicate earthquake prediction? 

13. Volcanism (unit 3)

Volcanoes provide clues about what is going on inside Earth. Animations illustrate volcanic processes and how plate boundaries are related to volcanism. The program also surveys the various types of eruptions, craters, cones and vents, lava domes, magma, and volcanic rock. The 1980 eruption of Mount St. Helens serves as one example.

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. Why does magma rise to the surface? 

2. Where are most of the world's active volcanoes? 

3. What is pillow lava? 

4. Describe the Hawaiian hotspot. 

5. Describe basaltic (mafic) magma and why it commonly forms shield volcanoes. 

6. What are rift zones? 

7. Why are the volcanoes around the Pacific rim called composite volcanoes? 

8. What common gasses occur in composite (intermediate) magmas? 

9. What factors influence the explosiveness of volcanoes? 

10. Discuss andesitic (intermediate) magmas associated with composite volcanoes. 

11. Describe pumice and how it is formed. 

12. Discuss viscosity and how it relates to the formation of pahoehoe and aa lavas. 

13. How do lava tubes form? 

14. Describe cinder cones and how they differ from composite and shield volcanoes. 

15. What tectonic settings are most volcanoes associated with? 

16. What is obsidian and how is it formed? 

17. Discuss the clues that volcanologists use to predict eruptions. 

18. Discuss how volcanoes relate to ore deposits and geothermal energy. 

19. What are some of the beneficial aspects of volcanoes? 

25. Living With Earth, Part I (unit 3)

Scenes of San Francisco before the Loma Prieta earthquake introduce this program addressing how humans are learning to cope with earthquakes. Various groups and agencies are studying the San Andreas Fault and the damage caused along its path to better understand how earthquakes ravage the land. Methods of studying earthquakes are reviewed. 

Read the questions first. Then answer them while watching this episode of "Earth Revealed".
1. What caused the Loma Prieta earthquake? 

2. What was the magnitude of the quake? 

3. Where was the worst damage? 

4. How did attempts to repair the damage interfere with understanding of the quake? 

5. What was a major problem facing the USGS after the quake? 

6. What are aftershocks? 

7. What was different about the slippage pattern of this fault? 

8. Why was there no surface expression of the quake? 

9. What causes an earthquake? 

10. Why was the Loma Prieta earthquake not unexpected? 

11. What is liquefaction? How did it affect the damage pattern from the quake? 

12. What concerns do geologists have concerning the Hayward fault? 

13. What causes most casualties from quakes. What can be done to prevent them? 

14. What can be done to limit earthquake damage? 

15. What have YOU done to prepare for the coming quake in southern California? 

Chapter outlines:

Chapter 7: Earthquakes and Earth’s Interior

Earthquakes and Earth's Interior 

Objectives  

After reading, studying, and discussing Chapter 7, you should be able to: 

· Describe the cause of earthquakes. 

· List the types of seismic waves and describe their propagation. 

· Describe how an earthquake epicenter is located. 

· Describe the worldwide distribution of earthquake epicenters. 

· Explain how the magnitude of an earthquake is determined. 

· List the other destructive forces that can be triggered by an earthquake. 

· Discuss the status of earthquake prediction. 

· Describe Earth's interior structure and composition.


I. Earthquakes



A. General features




1. Vibration of Earth produced by the rapid release of energy




2. Associated with movements along faults





a. Explained by the plate tectonics theory





b. Mechanism for earthquakes was first explained by H. Reid






1. Early 1900s






2. Rocks "spring back"







a. Phenomena called elastic rebound







b. Vibrations (earthquakes) occur as rock elastically returns to its original shape




c. Fault creep




3. Often preceded by foreshocks




4. Often followed by aftershocks



B. Earthquake waves




1. Study of earthquake waves is called seismology




2. Earthquake recording instrument (seismograph)





a. Records movement of Earth





b. Record is called a seismogram




3. Types of earthquake waves





a. Surface waves






1. Complex motion






2. Slowest velocity of all waves





b. Body waves






1. Primary (P) waves







a. Push-pull (compressional) motion







b. Travel through








1. Solids








2. Liquids








3. Gases







c. Greatest velocity of all earthquake waves






2. Secondary (S) waves







a. "Shake" motion







b. Travel only through solids







c. Slower velocity than P waves



C. Locating an earthquake




1. Focus – the place within Earth where earthquake waves originate




2. Epicenter





a. Point on the surface, directly above the focus






b. Located using the difference in the arrival times between P and S wave recordings,

  which are related to distance





c. Three station recordings are needed to locate an epicenter






1. Circle equal to the epicenter distance is drawn around each station






2. Point where three circles intersect is the epicenter




3. Earthquake zones are closely correlated with plate boundaries





a. e.g., Circum-Pacific belt





b. e.g., Oceanic ridge system



D. Earthquake intensity and magnitude




1. Intensity






a. A measure of the degree of earthquake shaking at a given locale based on



  the amount of damage





b. Most often measured by the Modified Mercalli Intensity Scale





2. Magnitude





a. Concept introduced by Charles Richter in 1935





b. Often measured using the Richter scale






1. Based on the amplitude of the largest seismic wave






2. Each unit of Richter magnitude equates to roughly a 32-fold energy increase






3. Does not estimate adequately the size of very large earthquakes 





c. Moment magnitude scale






1. Measures very large earthquakes






2. Derived from the amount of displacement that occurs along a fault zone



E. Earthquake destruction




1. Factors that determine structural damage





a. Intensity of the earthquake





b. Duration of the vibrations





c. Nature of the material upon which the structure rests





d. The design of the structure




2. Destruction from





a. Ground shaking





b. Liquefaction of the ground






1. Saturated material turns fluid






2. Underground objects may float to surface





c. Tsunami, or seismic sea waves





d. Landslides and ground subsidence





e. Fires



F. Earthquake prediction




1. Short-range – no reliable method yet devised for short-range predictions




2. Long-range forecasts





a. Premise is that earthquakes are repetitive





b. Region is given a probability of a quake

II. Earth's layered structure



A. Most of our knowledge of Earth’s interior comes from the study of P and S earthquake waves




1. Travel times of P and S waves through Earth vary depending on the properties of the materials




2. S waves travel only through solids



B. Layers defined by composition




1. Crust





a. Thin, rocky outer layer





b. Varies in thickness






1. Roughly 7 km (5 miles) in oceanic regions






2. Continental crust averages 35-40 km (25 miles)






3. Exceeds 70 km (40 miles) in some mountainous regions





c. Two parts






1. Continental crust







a. Upper crust composed of granitic rocks







b. Lower crust is more akin to basalt







c. Average density is about 2.7 g/cm3






d. Up to 4 billion years old







2. Oceanic crust








a. Basaltic composition








b. Density about 3.0 g/cm3







c. Younger (180 million years or less) than the continental crust




2. Mantle





a. Below crust to a depth of 2900 kilometers (1800 miles)





b. Composition of the uppermost mantle is the igneous rock peridotite






  (changes at greater depths)




3. Outer core





a. Below mantle





b. A sphere having a radius of 3486 km (2161 miles)





c. Composed of an iron-nickel alloy





d. Average density of nearly 11 g/cm3


C. Layers defined by physical properties




1. Lithosphere





a. Crust and uppermost mantle (about 100 km thick)





b. Cool, rigid, solid




2. Asthenosphere





a. Beneath the lithosphere





b. Upper mantle





c. To a depth of about 660 kilometers





d. Soft, weak layer





e. Easily deformed




3. Mesosphere (or lower mantle)





a. 660-2900 km





b. More rigid layer





c. Rocks are very hot and capable of gradual flow




4. Outer core





a. Liquid layer





b. 2270 km (1410 miles) thick





c. Convective flow of metallic iron within generates Earth’s magnetic field




5. Inner core





a. Sphere with a radius of 1216 km (754 miles)





b. Behaves like a solid



D. Discovering Earth’s major layers




1. Discovered using changes in seismic wave velocity




2. Mohorovicic discontinuity





a. Velocity of seismic waves increases abruptly below 50 km of depth





b. Separates crust from underlying mantle




3. Shadow zone 






a. Absence of P waves from about 105 degrees to 140 degrees around the


       
globe from an earthquake





b. Explained if Earth contained a core composed of materials unlike the overlying mantle




4. Inner core





a. Discovered in 1936 by noting a new region of seismic reflection within the core





b. Size was calculated in the 1960s using echos from seismic waves






  generated during underground nuclear tests



E. Discovering Earth’s composition




1. Oceanic crust 

a. Prior to the 1960s scientists had only seismic evidence from which



to determine the composition of oceanic crust

b. Development of deep-sea drilling technology made the recovery of ocean



floor samples possible




2. Mantle





a. Composition is more speculative






b. Lava from the asthenosphere has a composition similar to that which


       
results from the partial melting of a rock called peridotite




3. Core





a. Evidence comes from meteorites







1. Composition ranges from metallic meteorites made of iron and nickel


       
to stony varieties composed of dense rock similar to peridotite






2. Iron, and other dense metals, sank to Earth’s interior during the planet’s early history





b. Earth’s magnetic field supports the concept of a molten outer core





c. Earth’s overall density is also best explained by an iron core

Chapter 8: Plate Tectonics

Plate Tectonics 

Objectives  

After reading, studying, and discussing Chapter 8, you should be able to: 

· List the evidence that was used to support the continental drift hypothesis. 

· Describe the theory of plate tectonics. 

· Explain the differences between the continental drift hypothesis and the theory of plate tectonics. 

· List and describe the evidence used to support the plate tectonics theory. 

· Explain the difference between divergent, convergent, and transform plate boundaries. 

· Describe the models that have been proposed to explain the driving mechanism for plate motion.


I. Continental drift: an idea before its time



A. Alfred Wegener




1. First proposed hypothesis, 1915




2. Published The Origin of Continents and Oceans


B. Wegener's continental drift hypothesis




1. Supercontinent called Pangaea began breaking apart about 200 million years ago




2. Continents "drifted" to present positions




3. Continents "broke" through the ocean crust




4. Evidence used by Wegener





a. Fit of South America and Africa





b. Fossils match across the seas





c. Rock types and structures match





d. Ancient climates




5. Main objection to Wegener's proposal was its inability to provide a mechanism


II. Plate tectonics: the new paradigm



A. More encompassing than continental drift



B. Associated with Earth's rigid outer shell 




1. Called the lithosphere




2. Consists of several plates





a. Plates are moving slowly





b. Largest plate is the Pacific plate





c. Plates are mostly beneath the ocean



C. Asthenosphere




1. Exists beneath the lithosphere




2. Hotter and weaker than lithosphere




3. Allows for motion of lithosphere



D. Plate boundaries




1. All major interactions among plates occur along their boundaries




2. Types of plate boundaries





a. Divergent plate boundaries (constructive margins)






1. Two plates move apart






2. Mantle material upwells to create new seafloor






3. Ocean ridges and seafloor spreading







a. Oceanic ridges develop along well-developed boundaries








1. Represent 20 percent of Earths surface








2. Rift valleys may develop along the axis







b. Along ridges, seafloor spreading creates new seafloor








1. Topographic differences are controlled by spreading rates








2. A spreading rate of 5 to 9 centimeters per year is the norm






4. Continental rifts form at spreading centers within a continent





b. Convergent plate boundaries (destructive margins)






1. Plates collide, an ocean trench forms and lithosphere is subducted into the mantle






2. Types of convergence







a. Oceanic-continental convergence








1. Denser oceanic slab sinks into the asthenosphere








2. Pockets of magma develop and rise








3. Continental volcanic arcs form









a. e.g., Andes









b. e.g., Cascades









c. e.g., Sierra Nevada system







b. Oceanic-oceanic convergence








1. Two oceanic slabs converge and one descends beneath the other








2. Often forms volcanoes on the ocean floor








3. Volcanic island arcs forms as volcanoes emerge from the sea









a. e.g., Aleutian islands









b. e.g., Mariana islands









c. e.g., Tonga islands







c. Continental-continental convergence








1. When subducting plates contain continental material, two continents collide








2. Can produce new mountain ranges such as the Himalayas





c. Transform fault boundaries






1. Plates slide past one another







a. No new crust is created







b. No crust is destroyed






2. Transform faults







a. Most join two segments of a mid-ocean ridge







b. At the time of formation, they roughly parallel the direction of plate movement







c. Aid the movement of oceanic crustal material



E. Evidence for the plate tectonics model




1. Paleomagnetism





a. Probably the most persuasive evidence





b. Ancient magnetism preserved in rocks





c. Paleomagnetic records show






1. Polar wandering (evidence that continents moved)






2. Earth's magnetic field reversals







a. Recorded in rocks as they form at oceanic ridges







b. Record of reversals across ocean ridges confirms seafloor spreading




2. Earthquake patterns





a. Associated with plate boundaries





b. Deep-focus earthquakes along trenches provide a method for tracking the plate's descent




3. Ocean drilling





a. Deep Sea Drilling Project (ship: Glomar Challenger)





b. Age of deepest sediments






1. Youngest are near the ridges






2. Older are at a distance from the ridge





c. Ocean basins are geologically young




4. Hot spots





a. Rising plumes of mantle material





b. Volcanoes can form over them






1. e.g., Hawaiian Island chain






2. Chains of volcanoes mark plate movement



F. Measuring plate motion




1. By using hot spot tracks like those of the Hawaiiann Island- Emperor Seamount chain




2. Using space-age technology to directly measure the relative motion of plates





a. Very Long Baseline Interferometry (VLBI)





b. Global Positioning System (GPS)



G. Driving mechanism of plate tectonics




1. No one model explains all facets of plate tectonics




2. Earth's heat is the driving force




3. Several models have been proposed





a. Slab-pull and slab-push model






1. Descending oceanic crust pulls the plate






2. Elevated ridge system pushes the plate





c. Plate-mantle convection




1. Mantle plumes extend from mantle-core boundary and cause convection





  within the mantle






2. Models







a. Layering at 660 kilometers







b. Whole-mantle convection

c. Deep-layer model

Chapter 13: The Ocean Floor

The Ocean Floor 

Objectives  

After reading, studying, and discussing Chapter 13, you should be able to: 

· Describe the extent of the world ocean. 

· Describe the features associated with both passive and active continental margins. 

· List and describe the major topographic units of the ocean basin floor. 

· Discuss the general structure of mid-ocean ridges. 

· Describe how each of the three broad categories of seafloor sediments originates and the association between seafloor sediments and climate change. 

· List several resources obtained from the seafloor.

I. The vast world ocean

A. Earth  is often referred to as the blue planet

1. Seventy-one percent of Earth’s surface is represented by oceans and marginal seas

2. Continents and islands comprise the remaining 29(
B. Northern Hemisphere is called the land hemisphere, and the Southern Hemisphere the




    water hemisphere

C. Four main ocean basins

1. Pacific Ocean - the largest and has the greatest depth

2. Atlantic Ocean – about half the size of the Pacific and not quite as deep

3. Indian Ocean – slightly smaller than the Atlantic, largely a southern Hemisphere body

4. Arctic Ocean – about 7 percent the size of the Pacific

II.
   
Mapping the ocean floor

A. Bathymetry – measurement of ocean depths and the charting of the shape




or topography of the ocean floor

B. Echo sounder (also referred to as sonar)




1.

Invented in the 1920s




2.

Primary instrument for measuring depth

3. Reflects sound from ocean floor

C. Multibeam sonar

1. Employs and array of sound sources and listening devices

2. Obtains a profile of a narrow strip of seafloor

D. Measuring the shape of the ocean surface from space

E. Three major topographic units of the ocean floor

1. Continental margins

2. Ocean basin floor

3. Mid-ocean ridge

III. 
Continental margins

A. Passive continental margins

1. Found along most coastal area that surround the Atlantic ocean

2. Not associated with plate boundaries

a. Experience little volcanism and

b. Few earthquakes




3.

Features comprising a passive continental margin





a.

Continental shelf






1.

Flooded extension of the continent







2.

Varies greatly in width




3.

Gently sloping







4.

Contain important mineral deposits

a. Oil

b. Natural gas

c. Sand and gravel




5.

Some areas are mantled by extensive glacial deposits




6.

Most consist of thick accumulations of shallow-water sediments





b.

Continental slope






1.

Marks the seaward edge of the continental shelf






2.

Relatively steep structure







3.

Boundary between continental crust and oceanic crust





c.

Submarine canyons and turbidity currents






1.

Submarine canyons






a.

Deep, steep-sided valleys cut into the continental slope







b.

Some are seaward extensions of river valleys






c.

Most appear to have been eroded by turbidity currents






2.

Turbidity currents







a.

Downslope movements of dense, sediment-laden water







b.

Deposits are called turbidites








1.

Layered








2.

Graded bedding – decrease in sediment grain size from bottom to top





d. Continental rise

1. Found in regions where trenches are absent

2. Continental slope merges into a more gradual incline – the continental rise






3.

Thick accumulation of sediment







4.

At the base of the continental slope turbidity currents that follow



     submarine canyons deposit sediment that forms deep-sea fans

B. Active continental margins

1. Continental slope descends abruptly into a deep-ocean trench

2. Located primarily around the Pacific Ocean

3. Accumulations of deformed sediment and scraps of ocean crust form accretionary wedges
4.   Some subduction zones have little or no accumulation of sediments

IV.
  Ocean basin floor

A. Deep-ocean trenches

1. Long, relatively narrow features

2. Deepest parts of ocean

3.

Most are located in the Pacific Ocean




4.

Sites where moving lithospheric plates plunge into the mantle

5. Associated with volcanic activity

a. Volcanic islands arcs

b. Continental volcanic arcs



B.

Abyssal plains




1.

Likely the most level places on Earth




2.

Sites of thick accumulations of sediment




3.

Found in all oceans



C.

Seamounts and guyots

1. Isolated volcanic peaks

2. Many form near oceanic ridges

3. May emerge as an island

4. May sink and form flat-topped seamounts called guyots or tablemounts



D.

Mid-ocean ridge





1.

Characterized by

a. An elevated position

b. Extensive faulting

c. Numerous volcanic structures that have developed on newly formed crust




2.

Interconnected ridge system is the longest topographic feature on Earth’s surface





a.

Over 70,000 kilometers (43,000 miles) in length






b.

Twenty-three percent of Earth’s surface



c.

Winds through all major oceans





3.

Along the axis of some segments are deep downfaulted structures called rift valleys




4.

Consist of layer upon layer of basaltic rocks that have been faulted and uplifted

5. Mid-Atlantic Ridge has been studied more thoroughly than any other ridge system

V.  

Seafloor sediments

A. Ocean floor is mantled with sediment

B. Sources

1. Turbidity currents

2. Sediment that slowly settles to the bottom from above

C. Thickness varies




1.

Thickest in trenches – accumulations may approach 10 kilometers





2.

Pacific Ocean – about 600 meters or less




3.

Atlantic Ocean – from 500 to 1000 meters thick



D.

Mud is the most common sediment on the deep-ocean floor



E. 

Types of seafloor sediments

1. Terrigenous sediment

a. Material weathered from continental rocks

b. Virtually every part of the ocean receives some

c. Fine particles remain suspended for a long time

d. Oxidation often produces red and brown colored sediments




2.

Biogenous sediment





a.

Shells and skeletons of marine animals and plants



b.

Most common are calcareous oozes produced from microscopic organisms



that inhabit warm surface waters


c.

Siliceous oozes composed of skeltons of diatoms and radiolarians





d.

Phosphate rich materials derived from the bones, teeth, and scales of fish and other marine organisms

3. Hydrogenous sediment

a.

Minerals that 
crystallize directly from seawater

b. Most common types include

1. Manganese nodules

2. Calcium carbonates

3. Metal sulfides

4. Evaporites

F. Distribution

1. Coarse terrigenous deposits dominate continental margin areas

2. Fine-grained terrigenous material is common in deeper areas of the ocean basin

3. Hydrogenous sediment comprises only a small portion of deposits in the ocean

4. There are a few places where very little sediment accumulates

a. Continental slope

b. Mid-ocean ridge

G. Seafloor sediments and climate change

1. Seafloor sediments provide clues to Earth’s climate history

2. Numbers and types of organisms living near the sea surface change



with the climate

3. Analysis of seafloor sediment reveals

a. Ice Ages

b. Global warming

c. Ocean circulation changes

d. Timing of major extinction events

e. Movements of Earth’s plates

VI.  
Resources from the seafloor

A. Energy resources

1. Oil and natural gas

2. Gas hydrates

B. Other resources

1. Sand and gravel

2. Evaporative salts

3. Manganese nodules

Chapter 9: Volcanoes and Other Igneous Activity

Objectives :
After reading, studying, and discussing Chapter 9, you should be able to: 

· List the factors that determine the violence of volcanic eruptions. 

· List the materials that are extruded from volcanoes. 

· Describe the various types of volcanoes and other features produced by volcanic activity. 

· List and describe several intrusive igneous features. 

· Discuss the role of heat, pressure, and volatiles in the origin of magma. 

· Describe the relation between igneous activity and plate tectonics.


I. Volcanic eruptions



A. Factors that determine the violence of an eruption




1. Composition of the magma




2. Temperature of the magma




3. Dissolved gases in the magma



B. Viscosity of magma




1. Viscosity is a measure of a material's resistance to flow




2. Factors affecting viscosity





a. Temperature (hotter magmas are less viscous)





b. Composition (silica content)






1. High silica  high viscosity (e.g., rhyolitic lava)






2. Low silica  more fluid (e.g., basaltic lava)





c. Dissolved gases (volatiles)






1. Mainly water vapor and carbon dioxide






2. Gases expand near the surface






3. Provide the force to extrude lava






4. Violence of an eruption is related to how easily gases escape from magma







a. Easy escape from fluid magma







b. Viscous magma produces a more violent eruption


II. Materials associated with volcanic eruptions



A. Lava flows




1. Basaltic lavas are more fluid




2. Types of lava





a. Pahoehoe lava (resembles braids in ropes)





b. Aa lava (rough, jagged blocks)



B. Gases




1. One to 5 percent of magma by weight




2. Mainly water vapor and carbon dioxide



C. Pyroclastic materials




1. "Fire fragments"




2. Types of pyroclastic material





a. Ash and dust  fine, glassy fragments





b. Pumice  from "frothy" lava





c. Lapilli  "walnut" size





d. Cinders  "pea-sized"





e. Particles larger than lapilli






1. Blocks  hardened lava






2. Bombs  ejected as hot lava


III. Volcanoes



A. General features




1. Conduit, or pipe caries gas-rich magma to the surface




2. Vent, the surface opening (connected to the magma chamber via a pipe)




3. Crater





a. Steep-walled depression at the summit





b. Caldera (a summit depression greater than 1 km diameter)




4. Parasitic cones




5. Fumaroles



B. Types of volcanoes




1. Shield volcano





a. Broad, slightly domed 





b. Primarily made of basaltic (fluid) lava





c. Generally large





d. Generally produce a large volume of lava





e. e.g., Mauna Loa in Hawaii




2. Cinder cone





a. Built from ejected lava fragments





b. Steep slope angle





c. Rather small size





d. Frequently occur in groups




3. Composite cone (or stratovolcano)





a. Most are adjacent to the Pacific Ocean (e.g., Mt. Rainier)





b. Large size





c. Interbedded lavas and pyroclastics





d. Most violent type of activity





e. Often produce nuée ardente






1. Fiery pyroclastic flow made of hot gases infused with ash






2. Flows down sides of a volcano at speeds up to 200 km (125 miles) per hour





f. May produce a lahar, a type of mudflow

IV. Other volcanic landforms



A. Calderas




1. Steep walled depression at the summit




2. Formed by collapse




3. Nearly circular




2. Size exceeds one kilometer in diameter



B. Fissure eruptions and lava plateaus




1. Fluid basaltic lava extruded from crustal fractures called fissures




2. e.g., Columbia Plateau



C. Volcanic pipes and necks




1. Pipes are short conduits that connect a magma chamber to the surface




   2. Volcanic necks (e.g., Ship Rock, New Mexico) are resistant vents left standing after





   erosion has removed the volcanic cone


V. Intrusive igneous activity



A. Most magma is emplaced at depth



B. An underground igneous body is called a pluton



C. Plutons are classified according to




1. Shape





a. Tabular (sheetlike)





b. Massive




2. Orientation with respect to the host (surrounding) rock





a. Discordant  cuts across existing structures





b. Concordant  parallel to features such as sedimentary strata



D. Types of igneous intrusive features




1. Dike, a tabular, discordant pluton




2. Sill, a tabular, concordant pluton





a. e.g., Palisades Sill, NY





b. Resemble buried lava flows





c. May exhibit columnar joints




3. Laccolith





a. Similar to a  a sill





b. Lens shaped mass





c. Arches overlying strata upward




4. Batholith





a. Largest intrusive body





b. Often occur in groups





c. Surface exposure 100+ square kilometers (smaller bodies are termed stocks)





d. Frequently form the cores of mountains

VI. Origin of magma



A. Magma originates when essentially solid rock, located in the crust and upper mantle, melts



B. Factors that influence the generation of magma from solid rock





1. Role of heat


a. Earths natural temperature increases with depth (geothermal gradient) is not



   sufficient to melt rock at the lower crust and upper mantle





b. Additional heat is generated by






1. Friction in subduction zones






2. Crustal rocks heated during subduction






3. Rising, hot mantle rocks




2. Role of pressure





a. Increase in confining pressure causes an increase in melting temperature





b. Drop in confining pressure can cause decompression melting






1. Lowers the melting temperature






2. Occurs when rock ascends




3. Role of volatiles





a. Primarily water





b. Cause rock to melt at a lower temperature





c. Play an important role in subducting ocean plates




4. Partial melting





a. Igneous rocks are mixtures of minerals





b. Melting occurs over a range of temperatures





c. Produces a magma with a higher silica content than the original rock


VII. Plate tectonics and igneous activity



A. Global distribution of igneous activity is not random





1. Most volcanoes are located on the margins of the ocean basins (intermediate,



       
andesitic composition)




2. Second group is confined to the deep ocean basins (basaltic lavas)




3. Third group includes those found in the interiors of continents



B. Plate motions provide the mechanism by which mantle rocks melt to form magma




1. Convergent plate boundaries





a. Deep-ocean trenches are generated





b. Descending plate partially melts





c. Magma slowly rises upward





d. Rising magma can form






1. Volcanic island arcs in an ocean







a. Basaltic composition







b. e.g. the Aleutians






2. Continental volcanic arcs 

                      

a. Andesitic or rhyolitic composition







b. e.g. Andes Mountains




2. Divergent plate boundaries





a. The greatest volume of volcanic rock is produced along the oceanic ridge system






1. Lithosphere pulls apart






2. Less pressure on underlying rocks






3. Partial melting occurs






4. Large quantities of fluid basaltic magma are produced




3. Intraplate igneous activity





a. Activity within a rigid plate





b. Plumes of hot mantle material rise 





c. Form localized volcanic regions called hot spots






1. Associated with Hawaii and the






2. Columbia Plateau in the northwestern United States

Chapter 10: Mountain Building
Mountain Building 

Objectives  

After reading, studying, and discussing Chapter 10, you should be able to: 

· Discuss rock deformation and list the factors that influence the strength of a rock. 

· List the major types of folds and faults and describe how they form. 

· Describe mountain building associated with convergent plate boundaries. 

· Describe the process of isostasy and the role of isostatic adjustment during crustal uplifting.


I. Deformation



A. Deformation is a general term that refers to all changes in the original form and/or




   size of a rock body



B. Most crustal deformation occurs along plate margins


C. Factors that influence the strength of a rock



1. Temperature and confining pressure




2. Rock type




3. Time


II. Folds



A. Rocks bent into a series of waves



B. Most folds result from compressional forces which shorten and thicken the crust



C. Types of folds




1. Anticline – upfolded, or arched, rock layers




2. Syncline – downfolded rock layers




3. Anticlines and synclines can be





a. Symmetrical - limbs are mirror images





b. Asymmetrical - limbs are not mirror images





c. Overturned - one limb is tilted beyond the vertical




4. Where folds die out they are said to be plunging




5. Other types of folds





a. Dome






1. Circular, or slightly elongated






2. Upwarped displacement of rocks






3. Oldest rocks in core





b. Basin






1. Circular, or slightly elongated






2. Downwarped displacement of rocks






3. Youngest rocks in core


III. Faults



A. Faults are fractures (breaks) in rocks along which appreciable displacement has taken place



B. Types of faults




1. Dip-slip fault





a. Movement along the inclination (dip) of fault plane





b. Parts of a dip-slip fault






1. Hanging wall – the rock above the fault surface






2. Footwall – the rock below the fault surface





c. Types of dip-slip faults






1. Normal fault







a. Hanging wall block moves down







b. Associated with fault-block mountains







c. Prevalent at spreading centers







d. Caused by tensional forces






2. Reverse and thrust faults







a. Hanging wall block moves up







b. Caused by strong compressional stresses







c. Reverse fault - dips greater than 45 







d. Thrust fault - dips less than 45 




2. Strike-slip faults





a. Dominant displacement is horizontal and parallel to the trend, or strike





b. Transform fault






1. Large strike-slip fault that cuts through the lithosphere






2. Often associated with plate boundaries




3. Joints





a. Fractures along which no appreciable displacement has occurred





b. Most are formed when rocks in the outer-most crust are deformed


IV. Mountain belts



A. Orogenesis refers to processes that collectively produce a mountain belt



B. Mountain building at convergent boundaries




1. Most mountain building occurs at convergent plate boundaries




2. Aleutian-type mountain building





a. Where two oceanic plates converge and one is subducted beneath the other





b. Volcanic island arcs forms






1. Found in shrinking ocean basins, such as the Pacific






2. e.g. Mariana, Tonga, Aleutian, and Japan arcs




3. Andean-type mountain building





a. Oceanic-continental crust convergence





b. e.g. Andes Mountains





c. Types related to the overriding plate






1. Passive margins







a. Prior to the formation of a subduction zone







b. e.g. East Coast of North America






2. Active continental margins







a. subduction zone forms







b. Deformation process begins






3. Continental volcanic arc forms






4. Accretionary wedge forms






5. Examples of inactive Andean-type orogenic belts include







a. Sierra Nevada Range







b. California's Coast Ranges




4. Continental collisions 





a. Where two plates with continental crust converge





b. e.g., India and Eurasian plate collision






1. Himalaya Mountains






2. Tibetan Plateau




5. Continental accretion





a. Third mechanism of mountain building





b. Small crustal fragments collide with and accrete to continental margins





c. Accreted crustal blocks are called terranes





d. Occurred along the Pacific Coast


V. Buoyancy and the principle of isostasy



A. Evidence for crustal uplift includes wave-cut platforms high above sea level



B. Reasons for crustal uplift




1. Not so easy to determine




2. Isostasy





a. Concept of a floating crust in gravitational balance





b. When weight is removed from the crust, crustal uplifting occurs






1. Called isostatic adjustment






2. Crustal buoyancy can account for considerable vertical movement

