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Purposes of the Homework Assignments
1.
To help you navigate through the reading and focus on the MEANING behind the words.

2.
To show you what is important to understand and remember for this class, what is just an illustrative example, and what is extra information that you will not be held responsible for.  

3.
To help you connect what you do in lab and lecture with the reading in the textbook.
Instructions:  Before reading each section of the book or packet, read the questions and comments below that pertain to that section.  As you read, fill in any blanks provided on these pages.  Write additional notes as you like.
A Reminder of the Policy on Collaboration:  We allow and expect you to help each other learn the course material; thus we encourage you to collaborate on homework. Collaboration entails the active participation of all group members. All members must write their own answers in their own words and make their own diagrams. Regarding weekly homework…

1) Direct quotes from the book are fine, as long as you put quotation marks around each quote.

2) If we find two or more papers with one or more identical answers, especially on the “thought” questions, we will award a zero score to all papers involved. 


There are two exceptions to this policy:

a.
If a question can be answered with just a word or short phrase, identical answers are okay.

b.
Identical quotes from the book are okay.

Chapter 6:  Earthquakes and the Earth's Interior

What is an Earthquake? (p. 165–166)
A.
Ways of describing the location of an earthquake (see Figure 6.3 on p. 166):  


What is the focus
 of an earthquake?  

What is the epicenter of an earthquake?  

B.
Earthquakes and Faults

Seismic waves are analogous to the waves “produced when a stone is dropped into a calm pond” (p. 165). The analogy is not perfect, however. Most earthquakes are not caused by objects (such as giant meteors) falling on the earth's surface. Large falling meteors do, in fact, cause seismic waves. In addition, a few earthquakes are caused by bomb blasts or volcanic eruptions. But most earthquakes occur along faults.

1.
What is a fault? 
2.
How does plate tectonics theory help explain motion along faults?  

Warning! Warning!  This section of the book states that the “plates” of plate tectonics are “large slabs of Earth's crust.” WRONG! As the book correctly states in Chapter 7, the plates are NOT made exclusively of crust (you will have the opportunity to read Chapter 7 next week). The plates include the crust AND a thin layer of the uppermost mantle. The idea that the plates are made only of crustal material is one of the most widespread misconceptions in Earth Science. Please help stop the spread of this misconception by not teaching it to your future students. Thank you!
Supplemental Readings on Earthquakes

C.
Elastic Rebound: Harry F. Reid's Elastic Rebound Theory is THE theory
 that explains the vast majority of earthquakes. The textbook explains this theory very briefly on p. 166–167. But I would like you to gain a deeper more thorough understanding of the theory. So, in addition to reading the textbook and doing the lab activity on earthquakes, please also read the supplemental readings on earthquakes on pages A–1 through A–6 of this course packet. Questions 1–6 below are based on the supplemental readings. 
1.
What is the difference between stress and strain?

2.
Describe an example of elastic strain and release of that strain in everyday life. Please describe an example OTHER THAN the rubber band example described on p. A–1.

3.
Describe an example of permanent strain in everyday life.

4.
Briefly describe Mr. Reid's elastic rebound theory in your own words. 

5.
The bottom diagram on p. A–2 shows that, after the earthquake, the “newer” survey line ended up rebounding “beyond straight.” In other words, it actually ended up bent in the opposite direction of what it had been just before the earthquake. Explain how this could occur. (Hint: carefully study the diagrams on pages A–5 and A–6)

6.
Plate motion along the San Andreas fault is about 5 cm (2 inches) per year. Do Las Vegas and Los Angeles (1) move relative to each other 5 cm EACH year, or do they (2) stay locked together most of the time but move suddenly in big jumps (several m) whenever there is an earthquake along the southern part of the San Andreas fault? Explain the reasoning behind your answer.


Helpful hint: Look carefully at the diagram on p. A–4. Note the typical width of the gray region.
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D.
The San Andreas Fault System: (Begin reading on p. 168 of the textbook. See also Figure 9.A on p. 270 for a map of the San Andreas fault and read Box 9.1 on p. 270–271 for further information) 

1.
When an earthquake happens, is there fault motion along the entire San Andreas fault?  Explain (Hint:  the San Andreas fault is over 1000 km long).

2.
If you had to live along the San Andreas fault, would you rather live along a segment that exhibits creep or would you rather live along a segment that exhibits stick-slip motion?  Explain.

YOUR Chance to Predict an Earthquake

Imagine you are working for a large corporation that would like to establish an office in Palmdale, California. Palmdale is attractive because it is close to Los Angeles yet real estate is relatively inexpensive. However, Palmdale is right on the San Andreas fault and your company is understandably concerned about the risk of earthquakes. Your job is to assess the earthquake risk for Palmdale. Fortunately, you have stumbled upon the seismological study described below.

Summary of the Seismological Study


If we had historical records of earth​quakes in California for the past 2000 years, we would be able predict real earthquakes just like you recently did in lab for model earth​quakes. Some parts of the world, such as China, do have historical records that go back that far but written records in California only go back about 200 years.  


Therefore, geologists have to use indirect methods to obtain an earthquake history; these methods comprise the science of Paleoseismol​ogy.  A short segment of the NOVA Program Earthquake (for rent in the basement of the library) documents the paleoseismological work of Dr. Kerry Sieh (from Cal Tech).


Dr. Sieh studied a segment of the San Andreas fault just east of Palmdale (see map).  This segment last moved during the 1857 Fort Tejon earthquake (estimated mag​nitude 8.3). Dr. Sieh excavated trenches across the San Andreas fault near a small dry creek called Pallett Creek. He found many layers of sediment that had been offset by the San Andreas fault. By carefully documenting how the fault offset each layer and by using carbon-14 dating to figure out the age of each layer, Dr. Sieh was able to determine the approximate date of every very large earth​quake to hit the Pallett Creek segment of the San Andreas fault for the past 1300 years.

Dr. Sieh's work revealed that 10 major earthquakes had occurred on the Pallett Creek segment of the San Andreas fault in (approximately) the following years:


1.
700 A.D.


2.
750 A.D.


3.
800 A.D.


4.
1000 A.D.


5.
1050 A.D.


6.
1100 A.D.


7.
1350 A.D.


8.
1480 A.D.


9.
1812 A.D.


10.
1857 A.D.
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*This was not the first earthquake to occur on the Pallett Creek segment of the San Andreas fault.  It is simply the earliest earthquake for which Dr. Sieh could find evidence.

Analyzing the Data

In order to be able to evaluate the earthquake hazard for Palmdale, you will have to do some statistical analyses of the data and make some graphs (bosses LOVE graphs). The purpose of these analyses is NOT just to insert the “correct numbers” in all of the empty boxes in the tables. The purpose of the analysis is to work with the numbers in order to more fully grasp their significance. 
1.
Calculate the average time interval between earthquakes: Complete the table on the next page.

2.
Graph the ”Frequency Distribution” for the Lengths of the Time Intervals Between Quakes

Fill in boxes on the blank graph provided on the next page to construct a bar graph that shows the “frequency distribution” for the lengths of the time intervals between earthquakes. The best way to explain how to do this is with an example:
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3.
Calculate some interesting numbers and dates
a.
How many years has it been since the last major earthquake?   

b.
If the current interval between major earthquakes had been a perfectly “average” one, when should the next major earthquake have occurred?

c.
According to the table, how long was the LONGEST interval between earthquakes?

d.
Assuming a best case scenario (i.e. the interval we are currently in is just as long as the longest one known), when will the next major earthquake occur?

e.
Assuming a more realistic scenario, if we average all the time intervals that are at least as long as the one we are currently in, when will the next major earthquake occur?

	Interval Number
	Date of Earthquake at beginning of interval
	Date of Earthquake at end of interval
	Length of Interval 

(in years)

	1
	
700 A.D.
	
750 A.D.
	

	2
	
750 A.D.
	
800 A.D.
	

	3
	
800 A.D.
	
1000 A.D.
	

	4
	
1000 A.D.
	
1050 A.D.
	

	5
	
1050 A.D.
	
1100 A.D.
	

	6
	
1100 A.D.
	
1350 A.D.
	

	7
	
1350 A.D.
	
1480 A.D.
	

	8
	
1480 A.D.
	
1812 A.D.
	

	9
	
1812 A.D.
	
1857 A.D.
	

	Average Time Interval between Earthquakes
(Add all nine time intervals together and then divide by 9)
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Reference: Sieh, K., Stuvier, M., and Brillinger, D., 1989, A more precise chronology of earthquakes produced by the San Andreas fault in southern California: Journal of Geophysical Research, v. 94, p. 603–623.

4.
Make a recommendation: Do you think your company should establish an office in Palmdale? Use the data, numbers and graphs to justify your answer. Be as specific as possible. (Note: there is no one right answer to this question but there are a lot of possible lame answers.)

� Seismologists prefer the term “hypocenter” over “focus.”  The two terms mean the same thing.


�The word “theory” is used differently by scientists than by most other people.  In science, a theory is an explanation that explains ALL observations and data.  There is no evidence against it. It is as close to the “truth” as you will get in science because you can never prove anything 100% right; you can only prove things wrong.





*Supported by NSF Grant #9455371. Permission is granted to reproduce this material for classroom use.
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