Abstract

Earthlnquiry activities are being developed by the American Geological
Institute, along with geoscience instructors. They are designed to help
iIntroductory college students interact with the abundant real-time and
archived geoscience data available on-line. Each activity has its own
workbook, printed by W.H. Freeman and Company Publishers, that
contains a Web access code, allowing students entry into the
Earthinquiry web site. The Earthlnquiry web site, maintained by AGI,
provides students with detailed instructions on how to access and
interpret the data collected in each activity. The web site also supplies
supplementary information, glossary terms, and, in some cases, web-
based tools to assist with numerical manipulation.

In the Earthquakes and Plate Boundaries activity, students first learn
about earthquakes as natural hazards, in terms of their cost, magnitude
and global distribution. This understanding is established using short
media excerpts and historical statistics. Students are then introduced to
the USGS National Earthquake Information Center database. An
"Earthquake Orientation” encourages students to look at recent
worldwide earthquake activity. To become more comfortable with how
earthquake data is recorded and displayed, students look at the
extremes in earthquake depth and magnitude over the past week. They
also consider how earthquake distribution largely coincides with plate
boundaries. Following a brief summary of the different types of plate
boundaries, the students once again access the NEIC data to examine a
seismic cross-section in western South America. Using trends in
hypocenter depth, an on-line plotting utility, and an "angle calculator,”
students quantify the angular relationship that exists along the cross-
section and develop an understanding of how earthquake distribution
can be used to express the geometric relationship between Earth's
plates.

The focus of the activity then shifts north to the San Andreas Fault in
California. Students compare and contrast the earthquake distribution
observed in California to the distribution observed in South America.
Finally, students investigate predicting earthquake hazards using
spatial and temporal patterns in earthquake distribution. The Loma
Prieta event (1989) is used to help demonstrate this concept.
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Earthlnquiry is...

A series of web-based investiga-

tions in the Geosciences that:

e Utilize the abundant geological
data available on-line, and

e Target the introductory college
student
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e e [he workbook poses questions
and anchors the activity with

Significant property damage and loss of life are ever-

e Earthquake losses in the United States add up
to about $4.4 billion a year, according to a 1993 study
released by the Federal Emergency Management
Agency (FEMA). This estimate includes only capital
losses, such as repairing or replacing buildings, con-
tents and inventory ($3.5 billion), and loss of income,
including business interruption, rental income, and
wage losses (50.9 billion). It does not cover damage and
losses to critical facilities, transportation and utility
lines, or indirect economic losses.

* These annual earthquakes losses in the United States
are almost equal to the losses experienced from floods
and hurricanes. (Annual flood losses totaled $5.2 billion
during the 1990’s, according to the National Weather
Service.)

e Since 1884, there have been over 30 major earth-
quakes within the United States that have produced
significant loss of life.

e [n the United States, while most of the estimated
losses (84 percent) are in California, Washington, and
Oregon, the distribution of elevated earthquake risk is
more widespread. In terms of vulnerability, Hilo,
Anchorage, Reno, Portland, Seattle, Tacoma, Salt Lake
City, Charleston, Provo, Las Vegas, Albuquerque,
Memphis, St. Louis, and even New York, Newark,
Atlanta, Boston, and Philadelphia are on the top 40 list.

s [t is estimated that the average annual worldwide
repair and reconstruction costs following earthquake
damage is about $60 billion. This figure does not
include the virtually inestimable cost in human lives.
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We hiear BUFFALO, NY Many residents of New
York State and the northeast United States
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“uch as woke this morning to the rumbling of an
e earthquake. According to the United States

[wthoduction

Like floods and droughts, earthquakes are natural phe-
nomena that occur in many areas of the world. These
events are processes that have occurred throughout
geological history and will continue to occur as our
planet undergoes dynamic changes. By tracing the
behavior of earthquake waves, geoscientists learn a
great deal about the interior structure of the Earth that
cannot be revealed by direct observation or sampling.
The Earth's earthquake distribution pattern, along with
the recognition that most earthquakes occur along
plate boundaries (those intensely strained zones
where plates collide, split apart, or slide past each
other), contributed to the development of the theory
of Plate Tectonics.

present threats following an earthquake. Individual
earthquakes can claim many thousands of lives.
Casualties, in addition to the massive destruction of
property, make earthquake studies, and earthquake risk
assessment, a high priority.

Did you know that...

e Hundreds of thousands of earthquakes occur each
year, of which only about 10 percent are felt by people.
These range in size from very minor to great. A small num-
ber of these are significant enough to cause casualties or
considerable damage.

e Much of what geoscientists know about the internal
structure and composition of the Earth comes from a
study of earthquakes.

background material.

e The web site, maintained by the
American Geological Institute,
gives detailed directions for
accessing and interpreting the
data.

Geological Survey (USGS), the earthquake struck at 6:50
am. (EDT) today, approximately 15 miles southwest of
Plattsburgh, New York. The USGS reported a preliminary
magnitude of 5.1. Plattsburgh is located in New York State’s
Adirondack Mountain region, an area of relatively frequent
seismic activity. Shaking was felt throughout New England,
and as far west as Cleveland, Ohio; as far south as
Baltimore, Maryland; and as far north as Quebec, Canada.
MCEER News Release, April 20, 2002,
., Research Foundation SUNY
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The North Anatolian fault in Turkey
is known as a “sister” of California’s San Andreas
fault because they are the same age, the same
length, and their slip rate, or average annual move-
ment, down through the centuries has been about
the same. But in the last century, the North
Anatolian fault has been more active, with 12 major
quakes to the San Andreas’ two, and its magnitude-
7.4 Aug. 17, 1999, quake was far more costly in
terms of human life than anything California has
experienced. There were more than 17,000 con-
firmed fatalities in the 1999 quake, 20,000 remain
unaccounted for, and more than 1 million people
fled their homes for extended periods.

Los Angeles Times,
Calendar Section, 6 July 2001

Figure 1 A condominium building damaged by the 1999
magnitude—7.4 lzmet, Turkey Earthquake. Used by per-
mission of ABS Consulting (www.absconsulting.com)

to www.earthinquiry.com
pts to login

For a detailed explanation of what
an earthquake is, please visit the
Supplementary Information section
on the Earthinquiry Web site (found
under the Module Toolbox).

Numerous types of structural failure, as shown in
Figure 1, occurred with the magnitude-7.4 earthquake
that struck western Turkey on August 17, 1999,
According to the Turkish government, the earthquake
affected some 15 million people, with perhaps as
many as 40,000 killed. Another 30,000 were injured and
600,000 were left homeless.

The most deadly earthquake occurred in 1556 in
the Shannxi (Shensi) Province of China, killing an esti-
mated 800,000 people. (More recently, in 1976, an
earthquake in Tangshan, China, killed an estimated
250,000 people.) In the Japanese city of Edo (site of
modern-day Tokyo), an earthquake event in the 18th
century took 200,000 lives. Earthquakes in Sicily
(1693) and Lisbon (1755) each killed about 60,000
people. In 1797, there were approximately 40,000
casualties when an earthquake struck Quito, Ecuador.
These are just a few examples of the impact of earth-
quakes on human lives.

The most powerful earthquakes to strike North
America in historical times were the New Madrid
earthquakes that occurred in 1811 and 1812 in south-
eastern Missouri. Eyewitness accounts told of the
Mississippi River being forced to run “backward” and
some of the jolts ringing church bells in Boston.

The most famous earthquake to strike in North
America was the one that hit San Francisco in 1906,
claiming approximately 700 lives. Even though the
1994 Northridge earthquake, which struck Southern
California, was mild by comparison, this earthquake
event resulted in 72 deaths and injured 11,846 (Figure
2). Its estimated S30 billion loss makes it one of the
most expensive natural disasters in the history of the
United States.

The Quest

These are just a few examples demonstrating the dam-
aging effects of earthquakes. Scientific understanding
of earthquakes holds the key to lessening the human,
environmental, and structural impacts of future
quakes. As the world's population increases, develop-
ment and new construction encroach upon areas sus-

Figure 2 Oune of two collapsed connector structures at the
Golden State Freeway (1-5) — Antelope Valley Freeway
(RL. 14) interchange. Two spans collapsed after the failure

of a column from forces generated by the January 17, 1994,
magnitude-6.8 Northridge, CA earthquake. (U.S. Geological
Survey/ Photo courtesy of James W. Dewey)

ceptible to earthquakes. With greater understanding of
the causes and effects of earthquakes, we may be able
to reduce damage and loss of life from this destructive
phenomenon. The study of earthquakes is of vital
importance to the world. Ongoing earthquake investi-
gations range from resolving the internal structure of
the Earth to understanding the mechanics of earth-
quake rupture. These research efforts are intended to
provide information to the scientific community, the
general public, and, ultimately, to aid in lessening the
risks of earthquake hazards. What do we know about
the occurrence of earthquakes; what do they reveal
about the Earth's crustal plate boundaries; and, is it
possible to assess the likelihood of an earthquake of a
certain magnitude occurring in a given region?

In this Investigation

In this investigation, you will plot and interpret earth-
qguake data from two distinct and highly studied plate
boundaries that have provided a great deal of informa-
tion about Earth's dynamics. The first set of data is from
the west coast of South America where the continental
South American Plate collides with the oceanic Nazca
Plate. The Andes Mountains and the frequent seismic
activity near the west coast of South America are prod-
ucts of this convergence. The second set of data is from
the west coast of the United States where a portion of
the Pacific Plate is slipping past the North American
Plate. The well-known San Andreas fault system in
California is located on this boundary. As with all
boundaries, movement along the Pacific Plate — North
American Plate boundary is not smooth, but is more of
a “stick-slip” process, in which sudden slips may pro-
duce damaging earthquakes. There is much concern
that movement along this boundary may be extremely
destructive within the next 25 years or so.

The Problem

Volcanism and deformation can bring rocks to the sur-
face of the Earth from depths as great as hundreds of

kilometers. By studying these rocks, Earth scientists can
make inferences about some of the characteristic fea-
tures and physical properties of Earth at those depths.
Earth scientists interested in studying some of the
properties of Earth at deeper depths (from hundreds of
kilometers to the center of the inner core at 6400 km)
have no tangible way to access and analyze the physi-
cal material from these depths. Developments in seis-
mology (the study of wavelike vibrations within the
Earth caused by earthquakes or underground explo-
sions) have, for decades, provided important informa-
tion about the deep structure and material properties
of the Earth. Information about the interior of the Earth
also helps us understand many of the Earth's surface
features. Analysis of both the surface and depth loca-
tion of earthquakes was critical to the development and
understanding of the theory of Plate Tectonics. As the
geological model of drifting plates was constructed and
refined, it could be tested against the reality of seismo-
logical data. Today, interpretations of the Earth’s
dynamic processes and features are made within the
framework of Plate Tectonics. In turn, analyses of earth-
quakes provide tremendous support for the theory.
Although earthquakes occur all over the world, they
are not uniformly distributed. About 95% of all earth-

World Seismicity: 1975 — 1995
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Figure 3 Global topography and worldwide earthquake epicenters recorded from 1975-1995.
The depth of focus (hypocentral depth) of the earthquake is given in km by the color code shown lo
the right. (U.S. Geological Survey, National earthquake Center)

Firstthings first...

Students are introduced to the
topics presented in the activity
using media excerpts, historical
records, and statistical data.

When it’s time to go on-

line...

Students are instructed to go to
http://www.earthinquiry.com by a
blue Web icon. When they first
enter the Earthlnquiry web site,
they type in a unique Web access
code, found on the inside back
cover of each Earthlnquiry booklet.
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The web site serves two purposes.
It leads students through the
iInvestigations, while also offering
access to additional resources like:
Supplementary Information, a
Glossary, and a list of References.
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Students are directed on-line
whenever they need to access
data, or if there is helpful
information available to them.
Otherwise, students focus their
attention on the workbook and let
that anchor and guide their
iInvestigation.

Why does this matter
anyway?

In an effort to answer the “ever
present question,” the Quest
defines the objectives of the
activity and launches the
investigation. The Problem
grounds the Investigation Iin a
specific real-world application,
outlining what students will learn by
analyzing the available data.

quakes occur along plate boundaries, outlined by the
narrow zones of seismicity that are visible in the glob-
al earthquake map on page 4 (Figure 3). This map
shows the range of seismic data available, which pro-
vide the best information base for studying contem-
porary Earth processes, especially Plate Tectonics. Can
an analysis of such earthquake information provide
insights into the dynamics, characteristics, and rela-
tionships of crustal plate boundaries? Can an analysis
of earthquake locations and times of occurrence pro-
vide a useful indicator of future earthquake activity
and risk?

To compare earthquake distribution
(Figure 3) with volcano distribution, visit

the Supplementary Information section.

Approach

During the past few decades, the study of earthquake
recordings (seismograms) from modern seismographs
has provided a wealth of information about earth-
quake processes. Real-time and archived earthquake
information can be accessed from the National
Earthquake Information Center (NEIC) of the United
States Geological Survey (USGS). You will gather infor-
mation on when and where recent earthquakes took
place and on the depth and magnitude of these
events. Earthquake data from locations along the west-
ern margins of the South and North American Crustal
Plates will be accessed. By studying and plotting the
spatial distribution of the earthquake data, you will
compare and contrast the geometries of these plate
boundaries. You will also learn about differences
between the types of earthquakes that occur at each
boundary. Finally, historical earthquake data from the
San Andreas fault system will be plotted and exam-
ined to assess the feasibility of making forecasts of
earthquake events.

Understanding Earthquake Data

The USGS maintains a world-wide record of earth-
quakes each year. The annual average for reported
earthquakes between 1989 and 1998 is approximately
19,000 earthquakes per year. Only a few of these earth-
quakes are classified as “significant.” A significant
earthquake is defined as one with either a magnitude
of 6.5 or larger, or one that causes casualties or consid-
erable damage.

To learn about how earthquake data is
collected, visit the Supplementary
Information section.

Questions 1-4

1. When was the most recent earthquake recorded?
Record both date and time.

UTC

2. In what general region or area did this earthquake
occur?

Other than time, date, and location, there are two addi-
tional critical pieces of data that you will find reported
when an earthquake has occurred: depth and magni-
tude. Depth refers to how far below the Earth’s surface
the event occurred (measured in kilometers). This
value is the depth of the focus of the earthquake, or the
hypocenter. (The point on the Earth's surface directly
above this is the epicenter.) Magnitude is a measure of
the energy released during an earthquake (an indicator
of size of the event).

3. a. At what depth did the earthquake occur?

km

b. What was the magnitude of this earthquake?

For more information on earthquake
magnitude and magnitude scales, visit
the Supplementary Information section.

4. How many earthquakes having a magnitude of 6.5 or
larger has the site recorded over the past 3 days?

Earthquakes and Plate Tectonics

Most earthquakes are caused by the slow motions of
Earth’s plates. Along their margins, the plates interact
with one another by diverging (moving apart), converg-
ing (moving together), or sliding horizontally past each
other, Plate motions bend and deform the rocks near
plate boundaries. This stores elastic energy in the rocks
similar to the energy stored in a stretched spring. When
deformation of the rocks increases to a point where the
finite strength of the rocks is exceeded, the rocks break
and slip suddenly along a fault plane. The adjacent
deformed rocks release their stored elastic energy as
the rocks return to their original shape. (This would be
similar to the stretched spring that returns to its original
length after the stretching force is removed.) This sud-
den release of elastic energy is the earthquake that pro-
duces seismic waves that propagate outward in all direc-
tions. Many earthquakes occur each year. The majority,
however, either because they occur in remote areas or
they are of very small magnitude, are not noticed. The
description of plates, plate motions, and the effects of
plate movements is known as Plate Tectonics.

For more information on Plate Tectonics,
visit the Supplementary Information
section.

The movement along plate boundaries is often not
smooth, but more of a “stick-slip” process, in which
sudden slips may, over a period of time, produce a
range of earthquake magnitudes. The location of these

earthquakes can help define the boundary between
two plates. By studying the relative motions of adja-
cent plates and the earthquakes that occur at their bor-
ders, three types of plate boundaries are identified.

Boundaries of divergence (or spreading centers) typi-
cally follow the line of mid-ocean ridges or occur along rift-
ed continents (Figure 4). In these areas, earthquake mag-
nitudes tend to be low and the earthquake depths shal-
low. The reason for this is that the lithosphere is very thin
and weak at these boundaries, so the strain cannot build
to the levels that cause large earthquakes. Associated with
this type of seismicity is the volcanic activity along the axis
of the mid-oceanic ridges (e.g., Iceland, Azores).

Plates collide along convergent boundaries (Figure
5). Where an oceanic plate is thrust against a continental
margin, the overridden oceanic plate is subducted
downward into the mantle. This type of collision creates
a deep-sea trench, a volcanic belt at the continental
margin, and a range of shallow to deep earthquakes. The
west coast of South America exhibits all of these fea-
tures. Subduction of an oceanic plate beneath another
ocean plate forms a volcanic island arc. An example of
this is the chain of islands that make up Japan and the
Philippines. Where a continental plate collides with
another continental plate, thrusting, folding and thick-
ening of continental crust occurs. The highest mountain
range in the world, the Himalayas, is the result of the col-
lision of the Indian Plate and the Eurasian Plate.

Transform boundaries occur where plates slide past
each other, typically where the continuity of a diver-
gent boundary is broken and offset (Figure 6). This
type of boundary is often found on the seafloor, but can
also occur on land. The San Andreas fault in California,

The Approach

This section of the activity walks
students through the heart of the
iInvestigation, asking relevant
guestions and directing students to
the Web to access on-line data when
necessary. When students see a @@
In their booklet, they will go to the
corresponding Stop on the web site
to access and interpret data.

Stop 1: An Earthquake

Orientation

At Stop 1, students take an
“Earthquake Orientation” and learn
how to read an interpret USGS
earthquake data using the most
recent information available online.
AGI stores local copies of all data
necessary to complete the exercise,
just in case the USGS web site is
unavailable.

A Earthinquiry - Microsoft Internet Explorer,
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where the Pacific Plate is sliding by the North
American Plate, is an excellent example of this type of
boundary. Shallow focus earthquakes (<30 km) occur
along transform boundaries.

The spatial distribution of earthquakes can provide
information about the geometry of Earth's plates.
Figure 3 provides some evidence for this. Exploring
the distribution of recent earthquakes can provide
additional insight.

Questions 5-6

Figure 5 A Convergent Boundary.

5. Approximately what percentage of the recent earth-
quakes occurred at or near plate boundaries?

%

6. When and where did the largest earthquake occur?

The West Coast of South America

The first plate boundary you will examine in detail is
along the west coast of South America where the
oceanic Nazca Plate collides with the continental South
American Plate. Geologists have found that the Nazca
Plate has one of the fastest relative velocities (about 17
cm/yr) as it moves eastward away from the Pacific Plate.
The Nazca Plate is subducted under the South
American Plate. The Nazca Plate/South American Plate
convergence exhibits many classic features of a con-
vergent oceanic-continental plate boundary. These
include an offshore, deep-sea trench (the Peru-Chile
Trench), a mountain range (the Andes), and a band of
seismicity that ranges over a large series of depths.
Analysis of earthquakes that occur along this boundary
can provide insight into the physical and structural
relationships between these two plates. You will look
specifically at a cross-section in Chile that runs west-
east (Figure 7).

Pacific Ocean

Nazca
plate

Figure 7 Along lhe wesl coasl of
South America, the oceanic Nazca
Plale is subducled benealh the conli-
; nental South American plate. This
i zone of convergence is marked by a
American deep off-shore lrench and the Andes
ik mountains. These features are prone
to seismic activity.
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“Just-in-time” learning!

As students continue through the
activity, they learn why earthquakes
commonly occur along Earth’s plate
boundaries. Earthlnquiry is not
intended to replace textbooks or
classroom lecture. It does, however,
provide students with the informa-
tion and resources necessary to
make educated analyses and
hypotheses about the data.

Stop 2: Connecting
Earthquakes with Plate

Boundaries

After learning about, or reviewing,
the different types of plate bound-
aries, students look at the most
recent earthquake data spatially,
and start to develop a better under-
standing of the link connecting
earthquakes and plate boundaries.
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Questions 7-11

7. Use your plot of earthquake location and depth to
estimate approximately how many earthquakes occur
at a shallow depth. Make this approximation for the
intermediate and deep depths, as well. Refer to the
“Depth of Earthquakes” table on the Web site for the
depths that define shallow, intermediate, and deep
earthquakes. (Note: You may give your response as an
approximate percentage.)

At a shallow depth
At an intermediate depth

At a deep depth
8. Approximately what is the depth of the deepest
earthquake recorded?
km
9. Describe the relationship between the locations

of the epicenters and the depths of the hypocenters
along this section of the west coast of South America.

10 a. What is the approximate angle (relative to the
top of your plot) defined by your best-fit line drawn
through the shallow and intermediate depth earth-
quakes?

o

b. What is the approximate angle (relative to the top
of your plot) defined by your best-fit line drawn from
the deepest of the intermediate earthquakes to the
deepest earthquake?

11. Make a hypothesis about why the angle of the
plate boundary (approximately described by your two
best-fit lines) might change as depth increases.

EARTHQUAKES AND PLATE BOUNDARIES: A MODEL EARTHINQUIRY ACTIVITY (46-54)

RIDKY, Robert W. Education Program Coordinator, U.S. Geological Survey, MS104 - 12201 Sunrise Valley Drive, USGS Headquarters, Reston, VA 20192
ALFANO, Mary Jo and KEANE, Christopher M. American Geological Institute, 4220 King Street, Alexandria, VA 22302 Corresponding Email: rridky@usgs.gov  seience for a changing world

The angles that you have observed from earthquake
data help to define the geometric relationship
between these two plates. This distribution of earth-
qguakes represents a common pattern found at conver-
gent oceanic-continental plate boundaries. The pat-
tern helps to define the angle of the subduction that is
occurring below the Earth’s surface.

12. As one travels to the north along the western mar-
gin of the South American Plate, the nature of the plate
boundary changes (Figure 8). Using the color-coded
depth scale, describe what happens to the angle of dip
of the plate boundary between 30°S and 0° latitude.

- 0
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Seismicity in South America
1975-1995 -151
o
-301
10°
50° -501
30°
w -800
Depth
(km)

Figure 8 Topography and earthquake epicenters recorded
from 19751995 along the west coast of South America.
The hypocentral depths of the earthquakes are given by the
color code shown to the right. (U.S. Geological Survey
National Earthquake Information Center)

Pacific Ocean

Figure 9 Along the west coast
of North America, the Pacific
Plale is slipping past the North
American plate in a north-
weslerly direction. The San
Andreas fault system runs
along the on-shore portion of the
plate boundary from north of
San Francisco (SF), CA to just

The West Coast of North America

The second plate boundary you will investigate is along
the west coast of the United States where a portion of
the Pacific Plate is slipping past the North American
Plate in a north-westerly direction. These plates have a
relative movement of about 5.5 cm/yr. The San Andreas
fault system in California is a family of parallel strike-slip
faults located on this boundary (Figure 9).

Questions 13-16

13. Use your plot of earthquake location and depth to
estimate approximately how many earthquakes occur
at a shallow depth. Make this approximation for the
intermediate and deep depths, as well. Refer to the
“Depth of Earthquakes” table on the Web site for the
depths that define shallow, intermediate, and deep
earthquakes. (Note: You may give your response as an
approximate percentage.)

At a shallow depth
At an intermediate depth

At a deep depth

To look at the earthquake history “in
your own backyard,” visit the
Supplementary Information section.

east of Los Angeles (LA), CA.

14. Approximately what is the depth of the deepest
earthquake recorded?

km

15. Describe the relationship between the locations of
the epicenters and the depths of the hypocenters

along this section of the west coast of the United
States.

16. Compare and contrast the earthquakes along this

transform boundary with those from the convergent
boundary you observed in South America.

Investigating
Earthquake Hazards

Because we know that many earthquakes are associat-
ed with movement along plate boundaries, locations
where earthquakes have previously occurred are likely
places for them to occur in the future. Knowledge of
where earthquakes have occurred in the past, there-
fore, provides important information for assessing
potential earthquake hazards. Considering the data
that you've accessed in this module, you can reason-
ably state that, “Future seismic activity along the west-
ern margins of the South American and North American
Plates is quite certain.” While this information is help-
ful for assessing future earthquake hazards, is it possi-
ble to make a more “site-specific”’ forecast?
Earthquake size and frequency are factors that will
determine the likelihood of strong ground shaking
and potential hazards at a given location. These fac-
tors are evaluated primarily by analyzing the histori-
cal record of earthquake activity. In the United States,
over eighty percent of the earthquakes occur along
the west coast, with the majority of these located in

California. Historically in California, most of the larger

earthquakes have occurred along the San Andreas
fault system. Earthquake hazard research seeks to
gain sufficient understanding of earthquake dynamics
to minimize the loss of life and property resulting
from such events. This research is made more com-
plex because when strain is released along one part of
the fault system, it may increase stress on another
part. Ultimately, scientists would like to identify, with
high probability, the location and time of a specific
earthquake event.

@ Question 17

17. What is the relationship between the location of
recent earthquakes and major faults in California?

Question 18

18. When examining the historical record of a large
portion of California, what do you observe about the
relative frequency of the “larger” magnitude (magni-
tude-5.9 or larger) earthquakes over time?

The assumption of “random” occurrence of large earth-
quakes with time may not be true for one particular
segment along a fault. Possible non-randomness of
earthquake occurrences may be shown by examining
historical data from the San Francisco area.

@ Question 19

19. a. Identify any stretches of time (two decades or
longer) that are marked by the absence of “larger”
earthquakes.
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Stop 3: Collecting,
Processing and Analyzing

Data from the Peru-Chile

Trench

Students again access the USGS
earthquake data to learn more
about a seismic cross-section In
western South America. Students
plot hypocentral depth against dis-
tance using an on-line plotting
utility.
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An "angle calculator” helps stu-
dents to quantify the angular rela-
tionship that exists along the cross-
section. They develop an under-
standing of how earthquake distri-
bution can be used to express the
geometric relationship between
Earth's plates.

Stop 4: Collecting,
Processing and Analyzing
Data from the San Andreas

Fault

At Stop 4, students refocus their
attention on the San Andreas Fault
in California. Students compare
and contrast the earthquakes along
this transform boundary with those
from the convergent boundary they
studied in South America.
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Stops 5-7: Looking at the
Distribution Pattern of
Earthquakes

Students start to identify patterns in
the spatial and temporal distribu-
tion of Californian earthquakes.
This procedure helps them to
understand how an earthquake
might be predicted.

b. Identify periods of time that show a clustering of
larger earthquakes.

This clustering of earthquakes leads scientists to esti-
mate that the probability of a magnitude-6.8 or larger
earthquake occurring during the next 30 years in the
San Francisco Bay region is about 67 percent, or about
twice as likely to occur as not.

Is it possible to make earthquake
forecasts from plate tectonic theory?

Any scientific theory is valid to the extent that it can
make predictions beyond the evidence that was accu-
mulated to form the theory. An interesting validity test
of what we know about earthquakes and plate bound-
aries comes from studying “quiet segments” of a fault
along an active plate boundary. The idea is that, over
the long run, all parts of a fault must average about the
same amount of movement per time. This can happen
either through the cumulative effects of a large num-
ber of small earthquakes or through the effects of a
much smaller number of large earthquakes. With this
in mind, the historical patterns of distance and time
intervals between major earthquakes along plate
boundaries can provide an indication of places where
earthquakes might occur. Areas along an active fault
zone where there has been a below-average level of
earthquake activity are referred to as “seismic gaps.”
A geographically large and longstanding seismic gap is
generally interpreted to mean that a significant earth-
quake should be expected.

Questions 20-22

20. What areas appear to have “gaps” (a below-aver-
age level of earthquake activity) pre-july 1989?

PR Assessment
by

A .

!
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In this activity, you've learned how to read and inter-
pret earthquake data from maps, tables, and cross-sec-

tions. You've determined that by using the theory of
Plate Tectonics, you can make some preliminary esti-
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21. Were there any pre July-1989 seismic gaps that now
appear to have had a high level of earthquake activity?

If so, where were these gaps “filled in.”

22. What gap(s), if any, appear(s) to remain?

The October 1989, magnitude-7.1 Loma Prieta
earthquake and its subsequent aftershocks had a dra-
matic impact on the seismic gap once located to the
southeast of San Francisco. While this activity may
have relieved some of the seismic tension in this
region, more remains. It will undoubtedly affect
Californians in the years to come.

11

mates about earthquake hazards, both in the United
States and abroad. By exploring the historical earth-
quake record in California, you've identified segments
along the San Andreas Fault that are currently “quiet,”
while other nearby areas have experienced seismic
unrest. To develop the concept of “slip-deficit” further,
you will examine a region, the Parkfield Gap, that was
predicted to experience an earthquake in the mid-
1980’s, but is still “quiet.”

The questions for the Assessment portion
of this activity are online.

Earthinquiry in your classroom!

USGS

Stop 8: Seismic Gaps and
the Loma Prieta

Earthquake

The October 1989 Loma Prieta
Earthquake is used to teach stu-
dents the concept of “seismic gaps”
and how they are used to help pre-
dict when and where the next “big”
earthquake might be.
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The Assessment: Applying

whatyou’ve learned

Now that students have learned
about the concept of “seismic
gaps,” they take this knowledge
and apply it to the Parkfield Gap.
This entirely on-line investigation is
graded automatically, with student
responses stored in a database for
Instructor viewing at a later time.
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Cuestion #3: Based on the historical record of earthquakes abowe, estimate when the
next magmtude-35.6, or larger, earthqualce should have occurred i the area of the
Parlfield Gap.
Tear=
Cuestion #4: Based on the historical record of earthquakes abowe, estimate the
magnitude of the next "hig" earthoquake.
Ilagnitude =
Cuestion #5: Earlier m this activity, you learned that the hypocentral depth of
eattheualces that occur at transform boundaries, like the San Andreas Fault, is fairly
charactenstic. Make a prediction about the depth of the nest "big" earthqualke.
Depth = lem
Here's an excerpt from a recent issue of Geotimes magazine:
"For more than a decade, seismologists have been waiting, nstruments ready, in a small
town m the hills of Southern Califormia for another earthqualee to shake along the San “w
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