
GEOL 114 The Earth's Dynamic Interior
Jeffrey S. Barker, Binghamton University

Lab 2. Seismicity 

Question: Where and how often do earthquakes occur in the world? 

Background: In class, we talked about how earthquakes may be located based
on the arrival times of P and S waves at three or more stations by triangulation,
and in a following lab, you will locate a recent earthquake yourself. In this lab,
we want to analyze the seismicity: the locations, sizes and dates of
earthquakes which have already occurred. This lab will have two parts: 

• In the first, you will run the program Seismic/Eruption, making
observations and drawing conclusions about where and when
earthquakes have occurred. 

• In the second part, you will choose a seismically active area of the world
and interrogate the earthquake database in order to draw conclusions on
the rate of occurrence of earthquakes of a given magnitude within your
chosen region.

Note: Seismic/Eruption runs on Windows PCs. I have been told it runs on a
Macintosh running Windows emulation software, but I don't know any details.
It cannot be run under Unix or Linux. If you cannot or prefer not to download
and run the program on your own PC, please see your TA to arrange access to
one of a few PCs in the Geological Sciences Department where the program is
already running. 

Part 1:
Download and install the program Seismic/Eruption from Alan Jones' webpage
(http://www.geol.binghamton.edu/~jones/). You will download the file
seisvole.exe into some temporary space. Then execute this file (either using
the Start/Run/Browse buttons on the taskbar, or by clicking on seisvole.exe
in Windows Explorer or My Computer). The installation will create a new folder
called Seismology and a set of icons on your desktop. To start the program,
click on Seismic/Eruption, click Start and Go. Click on World to view the
entire earthquake data set. To navigate to other maps, click the red Back
button at the bottom left of the screen and select a new region or special map.
[Note: the earthquake data set should be up-to-date as of the time you
downloaded the installation file. At any time, if your PC is connected to the
internet, you can update the data file by clicking Options/Update
Hypocenters via Internet at the top of the screen.] 

Seismic/Eruption shows where earthquakes have occurred through time,
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plotted on a map of
the world (or other
region). Earthquake
locations are plotted
as colored dots; the
size of the dot
represents the
earthquake
magnitude and the
color represents the
depth (scales are
plotted at the
bottom of the
screen). Volcanic
eruptions are also
shown as triangles,
but for this lab, we
will concentrate on
earthquake occurrence. If you like, you can turn off volcanic eruptions by
clicking on the checkbox at the lower right corner of the map. The following
questions and instructions are intended to lead you through some of the
interesting aspects of the data. These are only suggestions, however, and you
should feel free to investigate other aspects of interest to you. 

• On the map of the world: can you see patterns developing in where
earthquakes occur? Are there areas where earthquakes occur and others
where they do not? If so, do all earthquakes occur in these areas? Of
these areas, are some more active than others? Can you determine the
boundaries of "plates" from earthquake occurrence? Compare the U.S.
with the rest of the world; do many earthquakes occur in the U.S.? 

• Choose an area of the world and observe earthquake occurrence in that
area over time. Can you see patterns develop in time? Perhaps you can
hear a rhythm in the sounds the program associates with earthquakes. If
so, try to "predict" when the next earthquake will occur in your area.
Were you successful? Were there earthquakes that you missed? Did you
predict an earthquake when none happened? 

• Switch to the map of the U.S. Where in the U.S do most earthquakes
occur? Why? Are there other areas of the U.S. which have significant
earthquake activity? Are any of these east of the Rocky Mountains? Do
you think there is much seismic hazard living here in New York? Notice
the set of red dots which appear one on top of another in southern
Nevada (just east of California); what do you suppose is going on there? 

• One of the largest earthquakes in the world was the 1964 Alaska
earthquake. You can plot that earthquake and its aftershocks on the
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"Alaska 1964" map. Note that the aftershocks delineate the fault plane
that ruptured during the mainshock. Is a single dot an adequate
representation of where this earthquake occurred? 

• Look at the map called "Cook Inlet"; this shows a special set of small
earthquakes that occurred over a short time period. Do you see any
patterns in the earthquake occurrence at Cook Inlet? In particular, note
the depth of these earthquakes. What do these earthquakes tell you
about the locations of the plate boundary in this area of Alaska? For a 3-
dimensional view of the same data, choose the Cook Inlet 3D map. 

• Choose any other maps you like, and note any interesting features of the
seismicity. 

• Before you finish with Seismic/Eruption, choose a region of the Earth
which has significant earthquake activity for use in the next section. 

Part 2:
In Seismic/Eruption, while viewing the map which best displays the data for the
region you are interested in (e.g. the Asia map would be best if you are
interested in earthquakes in India), make your own subset of this map which
includes only the area in which you are interested. To do this, click the
Map/Make Your Own Map on the menu bar at the top of the screen. You will
be instructed to select the upper left and lower right corners of your new map
by dragging the mouse, then click Yes for a new map. The colored topography
may not show up on your map unless you have also downloaded the Etopo5
digital elevation model. Note the latitude and longitude you have chosen. If
these are not shown, you can turn them on by clicking
Map/Annotations/Axes Labels on the menu bar. You can also see or change
the values of the latitude and longitude limits with the Map/Latitude-
Longitude menu. Select a time duration for your selected region using the
Control/Set Dates menu. Choose a long enough period of time (e.g. 10-20
years) for an adequate sample of data. Make a note of the dates you have
chosen. 

• Set the value of the minimum earthquake magnitude to 8.0 using the
up- and down-buttons labeled EQ Cutoff at the bottom of the screen.
Click the Repeat button to start plotting the data set. You can speed up
the plotting by clicking the up-button on the plot speed (just above the
EQ Cutoff) to 10 years/sec. After the entire time duration you have
chosen has completed, note the total number of earthquakes greater or
equal to magnitude 8.0 in the counter box at the upper right corner of
the screen. Write this number down; you will need it shortly. [There is a
known bug in the program. If you set the speed as Fast, the counter will
miss some earthquakes.] 

• Repeat this exercise, each time lowering the magnitude threshold by 0.5
units using the down-button next to EQ Cutoff, and note the total
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number of earthquakes in the counter box. Each time, this number
represents the total number of earthquakes in your chosen region, over
your chosen time duration, with magnitude greater or equal to the value
in EQ Cutoff. Continue decreasing the magnitude threshold in
increments of 0.5 magnitude unit until you have completed to 3.5. 

• Plot the number of earthquakes per year greater than each of these
magnitudes on a Gutenberg-Richter Plot (which is simply semi-log graph
paper). To do this, take the total number of earthquakes in each
magnitude cutoff level and divide by the number of years in your chosen
time duration. Do you see any patterns or trends in earthquake
occurrence in your region? Are the numbers of earthquakes in the
smallest and largest ranges consistent with the trends in the other
ranges? Can you think of any reasons why the database might not be
complete for large magnitudes? How about for small magnitudes? What
is the likelihood that an earthquake of magnitude greater than 7.0
(which can cause severe damage) will occur in the next year in your
region? 

Assignment:Write a short report of your observations and conclusions from
the Seismic/Eruption program in Part 1. Discuss what you see, perhaps in
terms of the questions above, but feel free to note other observations and
conclusions. In Part 2, include your database search results (the numbers of
earthquakes within various magnitude thresholds and the Gutenberg-Richter
plot), along with the limits of dates, latitude and longitude you used in your
search. For this, as well as following lab reports, try to follow the Lab Report
Instructions. 

Schedule:On your own time (or with the TA's assistance) run the
Seismic/Eruption program, make observations, select a region for Part 2, do
the database search and associated analysis. Feel free to work together with
others in the class. However, write your own lab report on your own time. Lab
report will be due at lab next week. 

Questions or comments: barker@geol.binghamton.edu 

Last modified: November 1, 2001 (jsb) 
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