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Directions:

You will be completing an extended-response inquiry task called Location. Explain the reasons for all 
of your answers. You may include a drawing or labeled diagram to help explain your answers.

There are three parts to this task.

Part 1:

Forming a 
Hypothesis

Part 2:

Organizing, 
Presenting, and 
Analyzing Data

Part 3:

Using Evidence
and Applying What 

You Learned

The words listed in the table below are used in this investigation.

Word Bank

Epicenter the location, reported in degrees of latitude (east-west) and longitude (north-south), on 
Earth’s surface directly above the focus of an earthquake

Fault a break (or vein) in the continuity of a body of rock, with dislocation along the plane of 
the fracture (fault plane)

Focus the location at which an earthquake originates along a fault

Frequency the number of earthquakes that occur in an area each year at a given magnitude 
(2.0–2.9, 3.0–3.9, 4.0–4.9, 5.0–5.9, 6.0–6.9, 7.0–7.9, 8.0–8.9)

Intensity the measure, based on the Mercalli scale, of the amount of shaking an earthquake 
causes on Earth’s surface, including humans, buildings, and other structures

Magnitude a measure of the size of an earthquake

In the past, scientists used the Richter scale to measure the magnitudes of 
earthquakes, such as the 1994 Northridge and the 1989 Loma Prieta earthquakes in 
California. Today, scientists use the moment magnitude scale to measure earthquake 
magnitude. An earthquake with a magnitude of 2.0 is small and usually not felt by 
people. An earthquake with a magnitude of 8.0 is great and causes severe damage.

Masonry a building or structure made of bricks or stones joined together with mortar or cement

Mercalli scale a 12-division scale used to measure earthquake intensity from I (an earthquake felt by 
few people) to XII (an earthquake that causes total destruction)

Northern California the area in California from the Nevada border (San Francisco, Sacramento, Fresno, 
and Lake Tahoe) north to the Oregon border

Northeast the region of the United States that consists of the states of Maine, New Hampshire, 
Vermont, Massachusetts, Rhode Island, Connecticut, New York, New Jersey, and 
Pennsylvania

Science
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Ben lives in the Northeast. Last summer, he spent a week visiting his aunt in Northern California. His aunt 
is a geologist, and she taught him about earthquakes. She told Ben that an earthquake is the shaking of 
the ground caused by a sudden shift in Earth’s crust. She also told him that there are earthquakes in both 
Northern California and the Northeast.

Ben told his aunt that he had learned about earthquakes in science class. He knew that magnitude is a 
measure of the size of an earthquake and that intensity is a measure of the amount of shaking an earthquake 
causes. Ben also knew that frequency is the number of earthquakes that occur in an area each year at a given 
magnitude.

 

Ben wondered about the magnitudes, intensities, and frequency of earthquakes in Northern California and 
the Northeast. Does the ground shake more closer to or farther from the epicenter of an earthquake? Why 
are there differences between earthquakes that occur in Northern California and the Northeast?

Ben’s aunt told Ben about several Web sites with reliable data about the history of earthquakes in different 
regions. He decided to use his aunt’s computer to investigate the research questions below.

Research Question 1:

What is the relationship between the magnitudes and frequency of earthquakes?

Research Question 2:

What might cause earthquakes in Northern California and the Northeast to have 
differences in magnitude, intensity, and frequency?

Location

Part 1: Forming a Hypothesis

Answer question 1 on page 1 in your Student Answer Booklet.

q  Form a hypothesis about the relationship between the magnitudes and frequency of earthquakes. Explain 
your thinking.
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Ben started his research by comparing the numbers of earthquakes in Northern California and the 
Northeast. He found the data in Data Table 1 below on the United States Geological Survey (USGS) 
Web site.

Part 2: Organizing, Presenting, and Analyzing Data

Data Table 1: Numbers of Earthquakes in Northern California 
and the Northeast for the Five-Year Period between 2002 and 2007

Northern California

Magnitude
Number of 

Earthquakes
Frequency 

per Year

3.0–3.9 72 14.4

4.0–4.9 43  8.6

5.0–5.9  7  1.4

6.0–6.9  1  0.2

7.0–7.9  1  0.2

8.0–8.9  0  0.0

The Northeast

Magnitude
Number of 

Earthquakes
Frequency 

per Year

3.0–3.9 28 1.8

4.0–4.9  4 0.2

5.0–5.9  3 0.2

6.0–6.9  1 0.0

7.0–7.9  0 0.0

8.0–8.9  0 0.0

Answer question 2 on page 2 in your Student Answer Booklet.

w  Construct the most appropriate type of graph of the data in Data Table 1 to show the relationship between 
the magnitudes and frequencies of earthquakes in Northern California and the Northeast. Make sure your 
graph includes all of the required elements.

Answer question 3 on page 3 in your Student Answer Booklet.

e  How does the pattern in the data in Data Table 1 support or refute your hypothesis? Use evidence to explain 
your answer.
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While conducting research on the USGS Web site, Ben also found data about the magnitudes and 
frequencies of earthquakes that occur in Northern California and the Northeast. Data Table 2 below shows 
the magnitudes and frequencies of earthquakes that occurred in Northern California and the Northeast 
between 1932 and 2007.

Data Table 2: Annual Frequencies of Earthquakes in Northern California and 
the Northeast for the Seventy-Five-Year Period between 1932 and 2007

Northern California

Magnitude
Frequency 

per Year

3.0–3.9 248.0

4.0–4.9  37.0

5.0–5.9   3.8

6.0–6.9   0.5

7.0–7.9   0.08

The Northeast

Magnitude
Frequency 

per Year

3.0–3.9 8.0

4.0–4.9 1.0

5.0–5.9 0.13

6.0–6.9 0.01

7.0–7.9 0.0

Answer question 4 on page 3 in your Student Answer Booklet.

r  Compare the data in Data Table 1 with the data in Data Table 2. Which data table would be more helpful to 
determine the possibility of an earthquake with a 5.5 magnitude occurring in Northern California and the 
Northeast? Use evidence to explain your reasoning.
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Ben’s aunt showed him the Mercalli scale, which scientists use to measure the intensity of earthquakes. 
Figure 1 below shows the Mercalli scale.

Figure 1: The Mercalli Intensity Scale

Intensity 
Level

Perceived Shaking Potential Damage
Magnitude 

(Richter Scale)
I Not felt None < 3.0

II
Weak: Felt by people at rest or 
on upper fl oors.

None < 3.0

III
Weak: Felt indoors. Hanging 
objects swing. Vibrations, like 
passing of light trucks.

None 3.0

IV

Light: Hanging objects swing. 
Vibrations, like passing of heavy 
trucks. Windows, dishes, doors 
rattle.

None 3.7

V
Moderate: Felt outdoors. People 
sleeping awaken.

Very light: Doors swing, close, open. 
Shutters, pictures move.

4.3

VI
Strong: Felt by all. People walk 
unsteadily. Trees and bushes 
visibly shake.

Light: Windows, dishes, glassware break. 
Furniture moves or is overturned. Weak 
plaster and masonry crack.

5.0

VII
Very strong: Diffi cult to stand. 
Noticed by people driving.

Moderate: Furniture breaks. Masonry is 
damaged. Plaster, loose bricks, stones, etc., 
fall. Waves form on ponds. Small slides and 
cave-ins occur along sand or gravel banks. 
Concrete irrigation ditches are damaged.

5.6

VIII Severe: Steering of cars affected.

Moderate to heavy: Masonry is damaged, 
sometimes partially collapsing. Chimneys, 
factory stacks, monuments, towers, elevated 
tanks twist and fall. Frame houses move 
on foundations if not bolted down. Tree 
branches break.

6.3

IX Violent: General panic.

Heavy: Masonry is heavily damaged, 
sometimes completely collapsing. 
Foundations are generally damaged. 
Reservoirs are seriously damaged. 
Underground pipes break. Noticeable cracks 
form in ground.

7.0

X–XII
Extreme: General panic. Lines 
of sight and level distorted.

Very heavy to total: Most masonry and 
frame structures are destroyed, along 
with their foundations. Dams, dikes, 
embankments are seriously damaged. 
Large landslides occur. Sand and mud shift 
horizontally on beaches and fl at land. Train 
tracks bend slightly. Underground pipes 
are completely out of service. Large rock 
masses are displaced. Objects are thrown 
into the air.

7.7–9.9
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Ben learned that a major earthquake took place in Northridge, California, in 1994. Data Table 3 below lists 
Mercalli intensity levels felt during the 1994 Northridge earthquake. The data in the table are based on a 
location’s distance from the epicenter of the earthquake.

Data Table 3: 1994 Northridge Earthquake

Distance of 
Location from 
Epicenter (km)

Mercalli Intensity 
Level

  2 IX

  4 IX

 10 VIII

 20 VIII

 40 VII

 60 VII

100 VI

150 V
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Answer question 5 on page 4 in your Student Answer Booklet.

t  Use your observations of the pictures to rate the Loma Prieta earthquake’s level of intensity on the Mercalli 
scale. Use evidence to explain your rating.

The pictures below show damage the 1989 Loma Prieta earthquake caused in Boulder Creek, California.

Pictures of Earthquake Damage in Boulder Creek, California

© J. K. Nakata, U.S. Geological Survey

© J. K. Nakata, U.S. Geological Survey
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When Ben returned to school in the fall, he learned about ShakeMaps in science class. Ben’s science teacher 
explained that a ShakeMap shows ground shaking caused by an earthquake. Scientists use the term “ground 
shaking” to describe the vibration of the ground during an earthquake. Ben’s science teacher also explained 
that while an earthquake has one magnitude and one epicenter, it produces a range of ground-shaking levels 
throughout a region. Scientists use the Mercalli scale to estimate ground shaking. ShakeMaps are available 
5 min after an earthquake to provide emergency responders with an overview of the extent of the damage 
the earthquake caused.

Answer question 7 on page 5 in your Student Answer Booklet.

Use the ShakeMap for the 2007 Oakland Earthquake on the Mercalli Scale and ShakeMap Reference Sheet to 
answer the question.

u   The ShakeMap for the 2007 Oakland earthquake identifi es the cities of Oakland, Berkeley, Fremont, San 
Francisco, San Jose, and Vallejo in California. After the Oakland earthquake, the fi rst emergency crews were 
dispatched to Oakland. To which city should the next emergency crews be sent? Explain your reasoning and 
use evidence to support your explanation.

Answer question 8 on page 5 in your Student Answer Booklet.

Use the ShakeMap for the 2007 Oakland Earthquake on the Mercalli Scale and ShakeMap Reference Sheet to 
answer the question.

i  Explain the factors that cause differences between earthquakes in Northern California and the Northeast. 
Use the information provided in this task and what you know about plate tectonics to support your answer.

Answer question 6 on page 4 in your Student Answer Booklet.

y  Use the evidence listed below to estimate how far Boulder Creek was from the epicenter of the 1989 Loma 
Prieta earthquake.

Data Table• 

the Mercalli scale• 

the pictures of earthquake damage in Boulder Creek• 

 Explain how you used each piece of evidence to estimate the distance.

Part 3: Using Evidence and Applying What You Learned


