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ABSTRACT AND RATIONALE

To design structures that can withstand earthquakes, engineers must understand the stresses caused by shaking.
To this end, scientists and engineers place instruments in structures and nearby on the ground to measure how

the structures respond during an earthquake to the motion of the ground beneath. Every time a strong

earthquake occurs, the new information gathered enables engineers to refine and improve structural designs and
building codes. Today there are instruments installed in hospitals, bridges, dams, aqueducts, and other structures

throughout the earthquake-prone areas of the United States including other seismically active regions of the

nation.

After this unit, you and your group members will explore earthquake hazards and damage to buildings by
constructing model buildings and subjecting the buildings to ground vibration (shaking similar to earthquake
vibrations) on a small shake table. The buildings will be constructed by two- or three-person teams of students.
After construction, the buildings are tested by subjecting them to earthquake shaking to see which designs and

TASK STATEMENT/PROBLEM BASED LEARNING/REAL WORLD PROBLEM:

constructions are successful.

Rules:

1. Materials are limited (realistic)

2. Complete construction in limited time (realistic)
Material:

1. Posterboard (lightweight posterboard; note: there is a difference in quality and therefore strength of
lightweight pasteboard; the best posterboard has one smooth, almost glossy side and on dull side;
lightweight posterboard can be purchased at most bookstores, convenience stores, Wal-Mart and K-
Mart.)

2. Scotch Tape (2 cm or 3/4” wide) 100 cm length (Plan accordingly!)

3. Scissors

4. Ruler

5. 4-8x8cm squares

6. 12 -1% x 10 cm strips

7. 12 -1% x 15 cm strips

8. 1-30x8cm

Topics that we’ll cover in detail to help on your task statement:

e Cause of earthquakes

e Movement of earthquakes

e Earthquake intensity

e Calculating earthquake’s arrival time, origin time and distance from the origin.

e Effects of earthquake
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Read page#172-194 in your Earth Science textbook. Answer the questions below (specifically for each section of the
reading). Remember, try to be honest and not make up any answers. This is a way for me to understand where you are

having difficulty.

Page #172

PANG EA

1. Explain Wegner's hypothesis AND list three observations that supported his idea.

Page#173

2. What does earthquake and volcanoes relate to the theory of plate tectonics?
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Page #174

3. To your best ability, explain how studying the magnetic property of igneous rock on the ocean floor supports
the theory of plate tectonics

4. Write down two questions you have on that section

5. Write down three vocabularies you stumbled on while reading the text.

Page#174

6. How does the age of the rock at the center of the mid ocean ridge compare to the side?

Page 194

7. Summarize where and how volcanoes form
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How do we know about earth’s interior?

ANS:

E.Q. Focus
Low Velocity Core
i
%i J
Refraction:

The Cat and the Fish

The light is refracted toward the normal
when it passes into a denser medium.
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Use page 10 of the Earth Science Reference Table to answer the following questions.

1. Approximately how thick is the lithosphere?

2. What are the two major types of crust on Earth’s surface?

3. Which type of the crust is the denser? How much denser?

4. How hot is the Earth at 3000km deep?

5. What's the pressure 1000km deep?

6. In which Earth layer does the pressure reach 3.5 million atmospheres?
7. Which layer is responsible for causing plate tectonics?

8. What forms as a result of subduction zone between two plates?

9. What is the name of the boundary between the crust and the mantle?

Inferred Properties of Earth’s Inberor

128931
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Asthenosphere
CONVERGENT

DIVERGENT

i Asthenosphere :

TRANSFORM

Name: Date:

Types of plates and features of interactions
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Plate Tectonics Class Exercise (ESRT pq. 5)

1. List three pieces of evidence of continental drift:
a.

b.

C.

2. What is believed to cause the plates to move?

3. Describe the difference between a continental plate and an ocean plate:

4. Write the name of each type of plate boundary and the main features that form.

E Volcanic
maountail

| Oceanic crus Continental crust

Upper mantle
v 1l
pper mantle :




o Fox Lane High school

EARTHEES Q1 ENCE
a

Name: Date:

5. a. What type of boundary exists between the North American Plate and the Eurasian Plate?

b. What feature is forming at that boundary?

6. a. What type of boundary exists between the Philippine Plate and the Pacific
Plate?

b. What feature is forming at that boundary?

7. a. What type of boundary exists between the Nazca and South American Plates?

b. What feature is forming at that boundary?

8. a. What type of plate boundary exists on the west coast of the USA in California?

b. What feature is occurring at that boundary?

9. a. Name four hot spots:

10. a. When an ocean plate collides with a continental plate, which plate will go underneath
the other?

b. Why?

11. a. What do we know about the age of the rocks at mid-ocean ridges?

b. What happens to the age as you get farther from the ridges?

12. Look at the Nazca and South American plate. Which plate is going underneath the other?
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Mid-ocean Ridge:
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How do the rocks at MOR indicate about the Earth’s magnetic field?
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pooler than rocks near the

tern of magnetic orientation of rocks
on boith sides of the mid-ocean

(4) The density of oceanic crust is greater than
the density of continental crust.

1. Which map best represents the general pattern of
magnetism in the oceanic bedrock near the mad-
Atlantic Ridge?

.. |
Bl Mo poianty
EE reversec polarity

4)

I, Where are carthquakes most likely 1o 1ake place?
(1) along the core-mantle interface
{2) where the composition of the Earth tends 1o
be uniform
(3) near the Earth's Fquator
{4) near a foul zone

4, The diagram below rq'll'rmﬂ-i B i wection of
a portion of the Earth's crust and mantle Letien
A B, C, Dand X wentify locations withun the

crust,

Thwe age of oceanic crust increases along a line
between location A and locaton

(1) A (3} C

(2 8 i4) 1

%, Which statcment best supports the theory that all
the continents were once a single landmass”
{1} Rocks ol the ocesn ridges arc older than

those of the adjacent sea Moor
(2} Rock and fossal conrelation can be muds
where the contlinents appear to M logether
{3) Manne lossils con be found at high
elevatinns above sea level on all continents
(4) Creat thacknesses ol shallow-water
sedimenis are found o1 interior locations on
ROME Conlinents

6, How does the oceanic cruwl compare 1o the

continental enist?

(1) The oceanic crust is thinner and contains les:
hasalt,

(2) The oceanic crust is thinner and contnins
mare busali.

(3) The oceanic crust is thicker and contains les
basalt.

{4) The oceanic crust is thicker and contains
more basall.
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ﬁﬁ Il shuw the same reglon ‘of the
!wo dlffcrent hmes in the

Diagram 11

Shore Ocean Shore

Which statement best explains the basic cause of
the changes that occurred in this region?

(1) Meteor impact on the crust caused widening
of the valley.

(2) Mantle convection currents caused crustal
movement.

(3) Climate changes caused flooding.

(4) Temperature changes caused melting of
polar ice caps.

8. The border between the South American plate
and the African plate is best described as
(1) converging and located at an oceanic ridge
(2) converging and located at an oceanic trench
(3) diverging and located at an oceanic ridge
(4) diverging and located at an oceanic trench
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ot 10 the followmg question on the map below which shows the locations of deep-sea core

nmnbemd l through 4. The approximate location of the East Pacific Ridge is shown by a
Puint al is located on the East Pacific Ridge.

Map of Drilling Sites
{
- 20° N
- 0°
- 20°S
] )
140°W 120°' W 100° W 80°W

_ - At which drilling site would the oldest igneous badrock most likely be found?
M 1 @) 2 3) 3 (4) 4
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Read page#214-220 in your Earth Science textbook. Answer the questions below (specifically for each section of the reading).
Remember, try to be honest and not make up any answers. This is a way for me to understand where you are having difficulty.

Page #214

1. Write a summary that explains the cause of earthquakes

Page#215

Dlrecllun of trav

Push-pull (compressional) wave

Direction of lravsi

Shake (shear) wave

2. Write down three things you learned about P and S waves

3. Write down two questions for each section of the reading

Question about reading on page 216:




Page #217

4. To your best ability, explain how seismograph works

Page#219

5. How many seismographs are needed to find the epicenter of an earthquake?

Page#220

6. Write down two questions you have on that section

6. Write down three vocabularies you stumbled on while reading the text.
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1. Where do most of the earthquakes and volcanoes happen?

2. Define an epicenter?

3. Define a focus:

WMMMVMMNW\NW\MA/\/\JW\N\W\

300pm 301 3:02 3;03 3:04 3205 3:06 3:07 3:08 309

Statlon WWWNWAWMI\WWW\/\/\[W\N\NWWWVW

Statlon

———}

300 pm. 01 302

3: 03 3 04 3:05 .DB 3 09
Statlon M
F—t——t :
3:00 p.m. 3:01 3:0 3:0
P wave S wave
1) 1)
2) 2)

3) 3)




EARTH@IENCE

Earthquake P-wave and S-wave Travel Time

Name: Date:

K3
o

\

I

M3
3%}

it

[
—

F

N

©
B

®
N

=t

|
)
&,

-
o

P — Y
& n

-
e
<

N
\

TRAVEL TIME (minutes)
~
™~

a N
N\
\

i B 0
; //" /_,/

; v

27;//

4

EPICENTER DISTANCE (x10” km)



o Fox Lane High school

EARTHEES Q1 ENCE
a

Name: Date:

EXAMPLE#1

e How long does it take for S-Wave to travel 5,000km?

EXAMPLE #2

e The recording station tells us it took 6 minutes and 20 seconds for the P-Wave to reach them.
How far away from the epicenter of the earthquake must they be?

ANS:

EXAMPLE#3

e How long does it take for P-wave to travel 6000km?

EXAMPLE#4

e The recording station tells us it took 3 minutes and 40 seconds for the S wave to reach them,
how far away from the epicenter of the earthquake must they be?

ANS:

WHAT IF BOTH P AND S WAVE ARE KNOWN?

Station A: San Francisco, California
P-Wave arrival 3:02:20 S-Wave arrival 3:06:30
What is the time difference between P and S wave arrivals?

ANS:

Distance to the Epicenter?
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Station B: Denver, Colorado
P-Wave arrival 3:01:40 S-Wave arrival 3:04:10
What is the time difference between P and S wave arrivals?
ANS:
Distance to the Epicenter?
Station C: Missoula, Montana
P-Wave arrival 3:01:20 S-Wave arrival 3:03:00
What is the time difference between P and S wave arrivals?
ANS:
Distance to the Epicenter?
Individual Practice
Find the epicenter of each seismic station
P arrival time S arrival time Lag Time Epicenter Distance
4:10:25 4:13:05
4:05:00 4:10:00

4:03:30 4:09:00
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m.nm\man Offshor
ry 27,3010 - 1:34.14 EST

I(Seismograph from a seismic station)

In addition to the seismic station above, how many additional ones scientist need to predict an earthquake?

Which plate motions are involved in the earthquake in Sumatra and Japan?

How can the distance from an epicenter determine the level of danger?

4. In United States, where could be a potential danger for Tsunami and how should you prepare?

5. How does the speed of seismic waves change?

12/25/2004 (GMT)
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1272572004 (GMT)

6. Which graphs above shows the station is located farthest from the epicenter distance?
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1. Base your answer to the following question on the cross section of a portion of Earth’s interior below. The
cross section shows the focal depth of some earthquakes that occurred went of the Tonga Trench Data were
collected along the 22 parallel.

Wast «——  Distance from Trench (km)

Sutacs 50500 300 100 :‘n
1 X X  |Tonga Trench
= 100 le
g . :* X
§ = Xy
=] 7] X X
& 200
o %
400
: ] 3
2 ang xx
S
800 pi‘
200 xjx!

a. State the relationship between the depth of an earthquake’s focus and the earthquake’s distance from
the Tonga Trench.

b. The Tonga Trench is the crustal surface boundary between two tectonic plates. State the names of the
two plates.

c. Describe the relative motion of the plates along this boundary
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2. Base your answer to the following question on the map below which shows the location of the epicenter of
an earthquake that occurred on April 20, 2002, about 29 kilometers southwest of Plattsburgh, New York

a. The map shows the epicenter of an earthquake happening near Plattsburgh, New York on April 20, 2002.

Plattsburgh, New York
Earthquake on Apyil 20, 2002

45" N

d4.4" N

74" TaA'W Tagw Ta4CW AW TEtw

0 10 20 30km

b. State the latitude and longitude of this earthquake epicenter. Express your answers to the nearest
tenth of a degree and include the compass directions.
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c. What is the minimum number of seismographic stations needed to locate the epicenter of an
earthquake?

d. Explain why this earthquake was most likely felt with greater intensity by people in Peru, New York,
than by people in Lake Placid, New York.

3. A seismic station located 1,800 kilometers from the epicenter recorded the P-wave and S-wave arrival times
of this earthquake. Notice the difference between P and S wave arrival time at station A and station B.

Selsmogram Tracings
Siation A
P-wave S-wave
arval
WA A s H v Ay
PR S R S T T N N ST TN T SR PN SR NN T S
U NN N S TN SN RN N NN R S R NN RN NN NN B B
900 8:05 216 g15
Tima (hcmin)
Station B

2:00 2:05 910 815
Tims (hemin)

a. Explain how the seismograph recorded at station A is farther from the earthquake epicenter than station
B.

b. Seismic station A is located 5,400 kilometers from the epicenter of the earthquake. How much time
would it take for the first S-wave produced by this earthquake to reach seismic station A?
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Station P-wave S-wave S-P Distance | P wave travel time | Origin Time
arrival arrival

San Jose 13:17:50 13:21:00

New York 13:19:10 13:23:20

San Francisco 13:19:35 13:23:35

Station P-wave S-wave S-P Distance | P wave travel time | Origin Time
arrival arrival

San Jose 01:17:00 01:22:30

New York 01:24:00 01:29:40

San Francisco 01:20:50 01:24:10

Station P-wave S-wave S-P Distance | P wave travel Origin Time

arrival arrival time

San Jose 03:13:40 03:17:00

New York 03:14:10 03:16:50

San Francisco 03:14:00 03:20:00
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Base your answers to questions 1 through 4 on the generalized map below, which shows a portion of the
Atlantic Ocean floor located between South America and Africa. Isolines show the approximate age, in
million years, of the ocean-floor bedrock on each side of the Mid-Atlantic Ridge. Points A, B, and X
represent locations on the ocean floor.

Africa

B
s 83 \“EL__

1. On the grid in your answer booklet, construct a line graph of bedrock age by plotting the age of the
bedrock shown by each isoline that crosses line AB. Points A and B are plotted on the grid. Connect

the plots from A to B with a line.
Age of Atlantic Ocean-Floor Bedrock
130

% .

110

100

w
o

(o]
o

-]
o

9]
=]

Bedrock Age (million years)
(=]
=

B
=

20

10

Locations on Ocean Floor

2. Estimate the age of the ocean-floor bedrock at point X.

3.
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4. Explain why the age of the ocean-floor bedrock increases as the distance from the Mid-Atlantic
Ridge increases.

5. The Mid-Atlantic Ridge separates pairs of crustal plates, such as the South American Plate and the
AfricanPlate. Identify one other pair of crustal plates separated by the Mid-Atlantic Ridge

6. What is the approximate time difference between the first P-wave and the first S-wave recorded at
a seismic station located 8000 kilometers from an earthquake’s epicenter?

(1) 8 minutes 40 seconds
(2) 9 minutes 20 seconds
(3) 11 minutes 20 seconds
(4) 20 minutes 40 seconds

7. Which surface feature was produced by crustal movements at a transform plate boundary?
(1) East African Rift (3) Tasman Hot Spot
(2) Aleutian Trench (4) San Andreas Fault

8. A model of Earth’s internal structure is shown below. Analysis of which type of data led to the
development of this model?

~aDas i
&S5 Lithosphere
w }(crust and
A [/ rigid mantle)
Asthenosphere 55 / Mantle

{Not drawn to scale)

(1) seismic waves

(2) depth of Earth’s oceans
(3) electromagnetic radiation
(4) isobar gradients
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1) Which statement best describes the relationship between the travel rates and travel times of
earthquake P-waves and S-waves from the focus of an earthquake to a seismograph station?
[Refer to the £arth Science Reference Tables.)

1) Swaves travel at a faster rate and take less time.
2) S-waves travel at a slower rate and take less time.
3) P-waves travel at a faster rate and take less time.
4) P-waves travel at a slower rate and take less time.

2)  The P-waves (compressional waves) from an earthquake travel through the Earth's
1) crust and mantle, only
2) crust, mantle, outer core, and inner core
3) crust, mantle, and inner core, only
4) crust, only

3) The epicenter of an earthquake is 6,000 kilometers from an observation point. What is the
difference in travel time for the ~waves and S-waves?
1) 13 mm10 sec 2) 7 mm 35 sec 3) 9 mm 20 sec 4) 17 mm 00 sec

{uestions 4 through 6 refer to the following:

The table below shows some of the data collected at two seismic stations, Aand B. Some data have been
omitted.

Difference

Station|Arrival Time |Arrival Time| _in Arrival |Distance to
of P-Wave | of SWave | Times of P | Epicenter

and S-Waves
A 6:02:00 p.m. | 6:07:30 p.m. | 5 min 30 sec —km
B —p.m. 6:11:20 p.m. | 7 min 20 sec | 5,700 km

4)  Which seismogram most accurately represents the arrival of Pand S-waves at station A2

P s s P
1) W\M"A AMM\MMm— 3)
600 602 6:04 606 608 600 602 604 606 608
P s P S
2) S.MMM,MMMM%M 4) _\VMW\MM
6:00 602 6:04 606 608 600 602 604 606 608

5) What is the approximate distance from the epicenter to station 42
1) 4,000 km 2) 3,000 km 3) 1,400 km 4) 1,900 km
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8664 - 1 - Page 2
What is The minimum number of additional stations from which scientists must collect data in
order to locate the epicenter of this earthquake?

1) -4 2)2 3) 0 4) 3

The seismogram below shows the arrival times of P- and S-waves at a seismic station in hours,
minutes, and seconds.

P-wave S-wave
12:03:30 12:07:00

Approximately how far from the earthquake epicenter is this seismic station?
1) 1,650 km 2) 4,100 km 3) 1,900 km 4) 2,200 km

According to the Earth Science Reference Tables, what is the approximate total distance traveled
by an earthquake's P-wave in its first 9 minutes?

1) 7,600 km 2) 2,600 km 3) 12,100 km 4) 5,600 km

Which seismic information is needed to find the distance from an observer to an earthquake
epicenter?

1) P-wave and S-wave arrival times 3) origin time of the earthquake

2) depth of the earthquake focus 4) P-wave and S-wave refractions
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8664 - 1 - Page

10) The circles on the map below show the distances from three seismic stations, X, ¥, and Z, to the

11)

12)

epicenter of an earthquake.

Which location is closest to the earthquake epicenter?
1) A 2) B 3) ¢ 4) D

Which diagram best represents how A-waves and S-waves travel through the Earth?
KEY:
[P-waves —»  Swaves----»]

Earthquake Epicenter Earthquake Epicenter

The structure of the Earth's interior is best inferred by

1) observing rock samples from surface bedrock
2) analyzing worldwide seismic data

3) determining crustal density differences

4) measuring crustal temperature ranges
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8664 - 1-Page 4
The fact that S-waves are unable to travel through the Earth's outer core supports the inference
that the outer core is
1) hotter than the rock's melting point 3) inthe solid state of matter
2) more dense than the inner core 4) composed of iron and nickel

According to the Earth Science Reference Tables, as depth within the Earth's interior increases,
the

1) density decreases, but temperature and pressure increase

2) density and temperature decrease, but pressure increases

3) density, temperature, and pressure decrease

4) density, temperature, and pressure increase

At a depth of 2,000 kilometers, the temperature of the stiffer mantle is inferred to be
1) 1500°C 2) 3,500°C 3) 6,500°C 4) 4,200°C
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Base your answers to questions 1 and 2 on the cross section below, which shows the type of seismic
waves recorded at various locations after an earthquake has occurred. Point A is a location on Earth’s
surface and X is the epicenter of the earthquake.

& . Epmente . 'Q.g,_
o J‘{B’ ¥ ‘9"
[s) S\he I"IOSph Efa <
-§ @Wp L . N &% '%v
‘\g, s - G‘O’ h
& . o

Only P-waves recorded

(Mot drawn to scale)

1. Point A is located 7600 kilometers from the epicenter of this earthquake. How many minutes did it
take the first S-wave to reach point A?

(1) 9 min (3) 16 min
(2) 11 min (4) 20 min
2. How many kilometers did the seismic waves travel from the earthquake directly to the outside of
the outer core?
(1) 800 km (3) 2900 km

(2) 1400 km (4) 6400 km
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The Great Rift Valley
Rifting of Earth’s crust in eastern Africa began during the Neogene Period as the
Ethiopian and Kenyan Domes formed. These two huge domes were created as Earth’s
mantle pushed up the overlying crust. As the crust was forced upward, the resulting
tension cracked the crust, resulting in the eruption of volcanoes and the formation of
large rifts. The crust continued to pull apart, forming rift valleys. These valleys have
become deeper and are currently becoming filled with sediments, igneous rock, and
water.

East African Rift System

Rift valley

Mid-ocean
ridge

Volcano

Dome

Indian Ocean

1. How many million years ago did the Ethiopian and Kenyan Domes form? mya

2. On the diagram, draw two curved arrows, one on each side of the dashed line, to show the
direction of movement of the convection currents within the asthenosphere that caused the
formation of the dome and the rift valley near location X.

3. Which two lithospheric plates are separated by a mid-ocean ridge in the northeastern portion of
the Ethiopian Dome?

4. Which cross section best represents the convection currents in the mantle beneath the Peru-Chile
Trench?

Trench Trench Trench Trench



Rubric for plate tectonic and earthquake unit/Learning objectives

INDICATORS JUST STARTING GETTING THERE YOU’VE MADE IT ABOVE AND BEYOND
Novice Apprentice Practitioner Expert
Cause of Explain why earthquakes Explain how earthquakes [0 Identify the different plate boundaries Practitioner Plus
earthquakes happen and where they happen | happen, where they happen and | [0 Explain the motions of the plates and how | Students built successful
how they travel through the they create different intensity of posterboard buildings models to
earth. earthquakes with stand low to medium
Understand the basic O Identify and explain the different features | frequency shake test .
vocabularies of an earthquake: along the plate boundaries
Epicenter, origin, focus, O Identify the different interactions of
earthquakes
P and S wave Describe the motion of pand s | Not only describe the motion O Able to use the reference table to describe Practitioner Plus
(earthquake energy) wave and understand the definitions. the motion and definition of p and s wave | Calculate the origin of the
Students are able to explain O Calculate the p and s wave travel time earthquake using epicenter
Able to know which wave how p and s waves behave as O Calculate and find the distance to the distance data or fromp and s
arrives to the seismic station they travels through the epicenter using the p and s wave arrival wave travel time and arrival
first. interior of the earth time or travel time time data
[0 Find the p and s wave travel time using the | Understand Love and Raleigh
Understand why p and s waves distance to the epicenter data waves.
are important for discovering O Calculate, find and draw the epicenter
the composition of the earth’s location(s)
interior.
Result of an Explain 1-2 cause and effect of | Understand that tsunami is O Describe other possible nature disasters Practitioner Plus
Earthquake an earthquake formed from underwater from the result of an earthquake. Describe in detail what a
earthquakes O Use P and S waves to detect the arrival of | tsunami is and how it forms
a tsunami and the effects of a tsunami underwater
O Understand in detail how the Japan

tsunami and Sumatra tsunami are formed
and the impact on the people
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