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Geology 141



Name _________________________

Colby College Geology


Lab Section: ___________________

LABORATORY EXERCISE 11:

INTRODUCTION TO EARTHQUAKE SEISMOLOGY METHODS


This laboratory exercise introduces you to some of the basic procedures used to estimate earthquake time and source locations, and helps you to see the relationship between earthquake locations and plate tectonics.


There are four parts to this exercise.  In the first part, you will look at the amplitudes of P-waves from several stations.  You will use this to see how amplitude changes as a function of direction and distance from the earthquake.  In part two, you will plot the differences in travel times between P-and S- waves vs. the P-wave travel times for several stations and two different earthquakes to estimate the time of occurrence of an earthquake.  Part three uses triangulation methods to graphically locate the epicenter of an earthquake using the arrival time of an earthquake at four different stations.  In the last part, you will look at epicenter maps to relate earthquake locations to plate tectonics.

PART I.  Seismograms from several stations, shown on page 165, are for a small earthquake that occurred near Oakland, New Jersey on June 30, 1978.  Each seismogram shows the amount of ground movement (up and down) changing over time, with time increasing to the right.  The map on page 164 shows the location of each of the stations, and the small arrows on each seismogram point in the direction of first movement.  It is the amplitude (amount) of movement at these arrows that will be of interest.


1. Compare the amplitudes of the first P-waves with the locations of the stations on the map.  Does the amplitude always or usually get larger as one gets closer to the epicenter?  Does it always get smaller as one gets farther from the epicenter?  


2. Can you explain the smaller amplitudes of some of the stations along the river, such as SNP and DBM?


3. On your map, draw a 'D' next to stations whose first movement is down, and a 'U' next to stations whose first movement is up.  Are the U's and D's grouped together, or are they random? 
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PART II.  We know that P-waves travel faster than S-waves, and can assume that this travel will be along about the same path.  This means that the P-wave will always be the first arriving wave, and the S-wave will usually arrive afterwards (depending on the location of the earthquake and the station).  If it is true that both waves move through the same real estate, then we would expect that, as we get further from the earthquake, the S-wave would lag further and further behind the P-wave, since the S-wave travels slower.  Of course, if we are recording the earthquake at the epicenter, then both P-waves and S-waves will arrive at the same time, since they are created at the same time.  We also know that the arrival time of the waves will be later, if the recording station is further from the earthquake.  Even if we don't know where an earthquake occurred, we can get a good estimate of when it occurred by the following procedure:

1)
Collect data of the arrival times of P-waves and S-waves at several stations and tabulate these data.

2)
Calculate the difference in travel times between the P-waves and S-waves, ts-tp and add these to the table.

Example:

   tp                   ts            ts - tp
___________________________

1:12:33     1:12:35       02 sec

1:12:35     1:12:38       03 sec

1:12:41     1:12:51       10 sec
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3)
On any of the computers in the lab, you will find two spreadsheets, seismo1 and seismo2, open.  We will use Grapher™ graphing software to determine the time of occurrence for two earthquakes with their epicenters in Maine.

4)
On the spreadsheet, you will find the S-wave and P-wave arrival times already entered, as below:
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In the column labeled ts-tp, enter the values you determined for this part of the exercise.  (You could do this by opening up an Excel spreadsheet, entering the S-wave and P-wave arrival times and having the program calculate ts-tp for you.  Then you could copy and paste the ts-tp data into the Grapher™ spreadsheet.  It would probably be quicker to use the calculator on the computer or even paper and pencil).

5)
Once you have the data entered in column C, click on columns B and C and highlight them, as below:
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6)
Now you can construct a graph using the following steps:

a) Go to the menu bar at the top of the screen and select “New Graph”, as below:
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b) Under “New Graph”, select “2D Graphs” and “Line/Scatter”, as below:
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This will produce a graph like that on the top of the next page, but it is not one that is satisfactory for determining time of occurrence of earthquakes, so we will modify it as follows.
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7) Take the cursor and click directly on the line on the graph, which will highlight the curve.
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8) Go up to the menu bar and select the symbol that looks like a magnifying glass with two bullets beside it (this is the Object Manager for the software).  Click on it and this opens a list of all the objects in the plot window.
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9) In the Object Manager, double click on the “Line/Scatter Plot” option and the screen should look like this:
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10) In the Graph 1- Line/Scatter Plot 1 dialogue box, go down to the “Symbol Frequency” option.  Change symbol frequency from 0 to 1.  Click OK.
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11) Now click on the + and choose the solid circle symbol (or any symbol you like).  Click OK.
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12) Go to the “Line-Fill” tab and under “Line Properties, go to “Style” and select “Invisible”, the second choice down.  Click OK to view changes, thus far.
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13) In the Object Manager, double click on the Line/Scatter Plot option again.  This time click on the “Fits” tab.  Select “Linear, Y=BxX+A”.  Click on “Add” (just to the right of the equation).  In “Display Following Fits” highlight “linear”.  While on this same screen, go to the “Properties” button and click on it.
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14) Clicking on the “Properties” button, should produce the following screen.  Under the “Fit Properties” tab, go to “Data to Fit” and deselect “Use Curve Limits” and change Min X: to 0.  Click OK.
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15) Go to the “Line-Fill” tab and under width choose 0.050 inches.  Click on OK, then click OK again.
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16) The curve (a line in our examples) should hit the x-axis.  If it doesn’t, go to the Object Manager on the right of the screen and select “x-axis” by double-clicking.  
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17) On the “Axis” tab, under “Axis Limits”, deselect Auto under “Axis min” and lower the value by 10 or 20.  Under “Title”, type P-wave Arrival Time.  Click OK or Apply.
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18) Now move over to the “Tick Marks” tab.  Under “Major”, for spacing, deselect Auto and enter 10.  Under “Minor”, change the divisions to 10.  This way you will have every second indicated.  Set “Tick Range” for “first” and “last” and change both to “custom” and change to fit data (length of x-axis).  Click OK or Apply.
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19) Go back to the Object Manager and double click on “y-axis 1” and under the “Axis” tab, go to “Title” and add ts-tp.  Click on OK or Apply.
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20) From your graph, determine the time of occurrence for the earthquake you are analyzing.  When you have done this go to the side menu bar, click on the A (Text Tool) and type Time of Occurrence: and enter the time.  Click OK.
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21) Now print your graph.

22) Repeat the procedure for the second group of data.


The times of arrival for two recent earthquakes occurring somewhere in Maine are given below.  From these data, determine the time of occurrence for both of the earthquakes.

Station



P-time

  S-time

ts - tp
Livermore Falls, Maine, January 3, 2000

WVL

Waterville, ME
21:05:57.89

21:05:65.74

HNH

Hanover, NH
21:05:79.10

21:05:100.22

VT1

Waterbury, VT
21:05:83.60

21:05:106.09

BCX

Chestnut Hill, MA
21:05:84.56

21:05:116.75

WES

Weston, MA
21:05:84.90

21:05:115.35

PQ1

Presque Isle, Me
21:05:94.55

21:05:135.76

BRY

Smithfield, RI
21:05:98.03

21:05:131.04

Dixfield, Maine, January 17, 2000

WVL

Waterville, ME
08:16:30.59

08:16:38.22

HNH

Hanover, NH
08:16:47.73

08:16:67.86

VT1

Waterbury, VT
08:16:49.43

08:16:70.90

WES

Weston, MA
08:16:57.44

08:16:83.50

BCX

Chestnut Hill, MA
08:16:59.25

08:16:86.43

BRY

Smithfield, RI
08:16:64.20

08:16:104.17

PART III.  Once time of occurrence has been determined, the epicenter can be estimated by assuming that the P-waves travel at a constant velocity of about 6 km./sec.  If we subtract the time of occurrence from the time that the P-wave arrived at a station, we determine the time it took for the wave to get from the earthquake to the station.  If we multiply this time by the velocity of travel, we know the distance to the source.  Using data from many stations (four in these cases) we can use a map and a compass to locate the earthquake approximately.  Once the distance from the station to the earthquake has been determined, as described above, draw a circle of that radius about the station.  Do the same for each station.  The circles will intersect, or come close to intersecting, at the epicenter.

Example:

t  = time of occurrence = 1:01:05 AM

Station    P-wave arrival     Distance traveled

___________________________________________

   1           1:01:10        5 sec X 6 km/sec = 30 km.

   2           1:01:13        8 sec X 6 km/sec = 48 km.

   3           1:01:17        12 sec X 6 km/sec = 72 km.
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Find the approximate locations of the epicenters for the two data sets given below.

Use an average P-wave velocity of 6 km/sec for these problems.

Data Set 1

Time of Occurrence
12:18:35.2

Station


P-wave arrival time
Distance (in km)

_____________________________________________________________

Turner, ME


12:18:62.00

Milo, ME


12:18:58.6

Hinckley, ME 

12:18:57.0

E. Machias, ME 

12:18:49.6

Data Set 2

Time of Occurrence
06:28:37.9

Station


P-wave arrival time
Distance (in km)

____________________________________

Hinckley, ME

06:28:41.8

Bucksport, ME 

06:28:53.0

Milo, ME 


06:28:54.0

Berlin, NH


06:28:55.5

Map for Data Set 1
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Map for Data Set 2



PART IV.  Now that we have looked at some seismic data, and have learned how seismologists determine the time and location of an earthquake, we will relate this information to plate tectonics.  

The first map that we will consider is the Global Distribution of Seismicity, which shows the epicenters of earthquakes that occurred between 1977 and 1986.  


1. What is the meaning of the size and color-coding of the epicenter symbols? 


2. Where (geographically) do you see the greatest concentration of earthquakes?


3. What type(s?) of plate tectonic boundary(ies?) does this represent?


4. Consider the earthquakes in the region at about 180o E and 20o S. Why do you see the rainbow-like bands of colored dots?

_____________________________________________________________


5. Sketch an east-west cross section of the earthquake distribution in this region in the space below (Think about a Benioff or a subduction zone).
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6. From your sketch, can you identify which plate is going underneath the other one here?  Draw lines on your earthquake distribution graph above, showing the top and bottom of each of the two plates.  Assume that the lithospheric plates here have a thickness of about 100 km.


7. Consider the line of earthquakes which extends from about 60o N,

30o W to 0o, 50o S.  What plate tectonic feature do these earthquakes delineate?  

How deep are these events? 

_______________________________________

Now look at the map entitled Seismicity of California, 1808-1987.


1. Where did the two largest earthquakes on this map occur?

  ________________________ and ___________________________


2. If we assume that the San Andreas fault extends between these two large earthquakes, and beyond them in both directions, would you say that the distribution of earthquakes along the San Andreas is continuous or patchy?


What reasons can you give for this behavior? 

Lastly, consider the map Seismicity of Hawaii, 1962-1985.


1. What type of plate tectonic feature is responsible for Hawaii? 


2. On which island have the largest and most numerous earthquakes occurred during this time period?


To what geologic process do you think that many of them are related?

_____________________________________________________________


3. From what you know about the process of formation of the Hawaiian Islands and their ages, explain why you would expect to see the largest and most numerous earthquakes on the island that you identified.

Web Homework Assignment (Parts V, VI, VI):

PART V.  Open the following website belonging to the IRIS Consortium:

http://www.iris.washington.edu/quakes/eventsrch.htm
This site will allow you to enter data for any interval of time between the present and December, 1989.  At the site you will first need to enter your name in the box provided.  Then enter an interval in which you would like to view the occurrence of earthquakes on earth.  You will do this for two intervals.  First enter your birthday for any year in the interval between December, 1989 and today.  (Of course if your birthday hasn’t happened this year, you won’t get much data plotted on the map.)  You should enter the date as in the following example:



DATE




TIME

Year

Month
Day

Time

Start:

(yyyy)
(mm) 

(dd)

(hhmmss)

2003

04

21

000000

End:

(yyyy)
(mm)

(dd)

(hhmmss)



2003

04

21

235959

Make the following changes to the other boxes.  Set the magnitudes for a minimum of 0 and a maximum of 10.  Set the depth for a minimum of 0 and a maximum of 1000 (units are in kilometers).  Set the latitude for a minimum of 0 (the equator) and a maximum of 90 (the North Pole).  Set the longitude for a minimum of –180 and a maximum of 0.

Then hit the “submit search” button.

Then hit the “make event map” button.

This configuration will plot all the earthquakes that happened on Earth in the 24-hour interval of your selected birthday.

When the map comes up, make the following changes:

Change from color to black and white.

Deselect Large View

Select Plates

Then hit the “make map” button.

Then go to “PRINT”.

Now repeat the procedure for the month that includes your selected birthday of the same year as above.  Your fields should look like below:



DATE




TIME

Year

Month
Day

Time

Start:

(yyyy)
(mm)

(dd)

(hhmmss)

2003

04

01

000000

End:

(yyyy)
(mm)

(dd)

(hhmmss)



2003

05

01

000000

Follow the same steps as above to make the map.

Print this selection as well and include both in the lab exercise when you hand it in.

PART VI.  From any computer that allows you, log onto the Internet.  Go to the Colby Geology web page ( http://www.colby.edu/geology ) and click on "Geological Web Resources."  From here, click on the link: "Volcanoes and Earthquakes".  Then go to the link to "National Earthquake Information Center."  Pick any one of the earthquakes that shows in the list of recent earthquakes and click on it; you may want to try several to find one that looks "interesting" to you.  That's fine!

Note that the times for earthquakes worldwide are ALWAYS expressed in Coordinated Universal Time (U.T.C.), which used to be called Greenwich Mean Time.  This is five hours AHEAD of Eastern Standard Time (or four hours ahead of Eastern Daylight Time); so, if we're not on daylight savings time, 2:00 p.m. (14:00 hours on a 24-hour clock) here will be 19:00 hours U.T.C.


The information on any given earthquake is given in highly condensed form on the page.  For example, an earthquake in Tonga showed the following: "6.8, 2007/01/30, 04:54:50, -54.888, 154.733, 10”.  The first is the magnitude (6.8).  The second is the date with the year first (January 30, 2007).  The third set of numbers is the time (04:54:50).  The fourth and fifth number sets are the latitude and longitude, respectively (54.888 degrees South latitude, 154.733 degrees West longitude).  The sixth number is the focal depth, in kilometers, in this case 10 km.  

Where was the earthquake YOU selected?

______________________________

What were the latitude and longitude? 

_____________________________

What date and time was it? 

_______________________________

What were the FOCAL DEPTH and MAGNITUDE?   

Focal depth:  ______________________________

Magnitude:  _______________________________

Note on the USGS web page that there is normally a large map.  The map shows the location of this particular earthquake; any yellow lines on this map are known plate boundaries.  

PRINT THIS MAP AND INCLUDE IT IN YOUR LAB EXERCISE WHEN YOU HAND IT IN.

If your earthquake occurred at or near a plate boundary, there can be an indication of the kind of activity involved by the distribution of focal depths that shows on the second large map.  For example, a progressive increase in the depth of foci across an area is a clear indication of a subduction zone.  On the other hand, if the area shows all or nearly all very shallow earthquakes (indicated by mostly or all brown dots) over the 20-year record, something else is undoubtedly taking place. This could be strike-slip faulting or shallow normal faulting, or other near-surface phenomena taking place.  If these show alignment on clear lines (which may be straight or curved), this can delineate a major fault - a spreading center in the ocean, or a strike-slip boundary on land.  In areas that were glaciated in the late Pleistocene, like Maine, random scatter of dots may be due simply to isostatic rebound that's still taking place.

How many dots are there on the map of seismicity from 1977-present?

< 5 ______   5-20 ______   20-50 ______   Too many to count! ______

MOST earthquakes will be in areas where you would have checked the last option above, though some obviously do occur in areas where they're rare (and here, for the most part, they stump even the professionals!).  If you checked either of the last two options above, though, you should be able to make an educated assessment about some aspects of the local seismicity. What can you suggest about your chosen earthquake's origins, based on information available on the maps AND whatever you may know about this area from anything covered in class, the text, or other sources?

PART VII.  Visit the Virtual Earthquake site located at the following URL:

http://www.sciencecourseware.com/VirtualEarthquake/VQuakeExecute.html
Complete the exercises associated with the website and attach the certificate of completion that makes all the world aware that you are a Virtual Seismologist.

"Here endeth the lesson."

-Elliot Ness
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