THE CRUST

Aim 1: What is an earthquake?

HW from “Reviewing Earth Science, the Physical Seihg”
Read “What Causes Earthquakes?” p54-58
Do all questions on Part A&B-1 p58-60

Earthquakesre caused when suddenly the crust shifts andygiereleased. Most stress happen along faults.
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Epicenter

The focusof the earthquake is the place underground whmeréiteak occurs.
The epicenteis the location at Earth's surface just abovddhbas.
There are two types of scales applied to earthquake

Richter scaldfrom 1-9) measures the magnitude based on a egisyph. Each increase of one unit means a teniffoldase in
shaking.

Ex: A magnitude 6 earthquake has 10 times as muakirsy as a magnitude 5 and 100 times more shakanga magnitude 4.
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The Mercalli scaléfrom I-XII) measures the intensity based on eiqrare.

Mercall Ohserved Effects Number per Year Estimated
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Seismic wavegp and s-waves) are waves of energy spreading therfocus.

P-wavegPrimary-waves) travel the fastest therefore tueyfelt first. The vibration of a P-wave is likeetmotion of a
spring, see A.

S-waveq Secondary-waves) travel more slowly than P-wavVeas. wave motion is like the wave that travels dawope
when one end is moved quickly from side-to-sides Be
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Seismic waves are used to locate epicenters.

1. Subtract the arrival time of the P-waves from théval time of the S-waves.

F-waves S-waves

¢ i

10:12:140 10:18:50
10:18:50 — 10:12:10 = 00:06:40

2. On a clean edge of a sheet of paper, mark theval time 6 minutes and 40 seconds from the goappage 12.
3. Keeping the edge of the paper parallel to the i¥,atide the paper until you math the intervaWesn the 2 lines.
4. Follow the marked edge of your paper down toXtexis to find the epicenter distance.

The value represents the distance from one seisation to the epicenter along the circumference cifcle and not the exact
location of the epicenter.

To find the exact epicenter location at least thagiemic stations are required. The location wkieeg intersect is where the epicenter
is.
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To calculate the origin time of an earthquake

1. Find the time arrival time of the P or S-waves.
2. Using the epicenter distance read the travel fon¢he wave.
3. Subtracts the travel time from arrival time toccaéte the time of origin.
Ex:
1. The P-waves of an earthquake was recorded atianséd 14:25:00
2. If epicenter is 4000 kilometers away, the traumktfor P-waves is 7 minutes
3. 14:25:00 -00:07:00 = 14:18:00

Since the P-waves took 7 minutes to get there tiiieearthquake must have actually happened 7 rsieatdier.

Test your understanding
1/08
25 A seismograph station recorded the arrival effitst P-wave at 7:32 p.m. from an earthquake that occu488D kilometers away.
What time was it at the station when the earthqualoeirred?
(1) 7:20 p.m. (2) 7:25 p.m. (3) 7:32 p.m. (4) 7B
6/08
Base your answers to questions 81 through 84 om#pebelow, which shows a portion of southwestenitdd States. On January
17, 1994, an earthquake occurred with an epicettsorthridge, California.
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81 State the latitude and longitude of NorthridQalifornia. Include the correct units and compassctions in your answer.

82 Explain why earthquakes are common in this regioCalifornia.

83 Of the cities shown on the map, explain why @ad#tlwas the last city to receive P-waves fromehithquake.
84 List two actions that a homeowner could takprepare the home or family for the next earthquake.



8/07
25 The map below shows the location of an earthgjegiicenter in New York State. Seismic statidnB, andC received the data
used to locate the earthquake epicenter.

The seismogram recorded at statfowould show the

(1) arrival oP-waves, only (2) earliest arrival timeRawaves

(3) greatest difference in the arrivaldsrofP-waves and&s-waves (4) arrival o5-waves before the arrival Fwaves
26 An earthquake’s firf®-wave arrives at a seismic station at 12:00:00s Phivave has traveled 6000 kilometers from the epaent
At what time will the firstSwave from the same earthquake arrive at the seistation?

(1) 11:52:20 (2) 12:07:40 (3) 12:09:20 (4) 12:17:00
6/07
Base your answers to questions 74 through 76 oexhmple of a seismogram and set of instructiongddtermining the Richter
magnitude of an earthquake below. The example sltavRichter magnitude of an earthquake 210 kilensefrom a seismic station.

Example of a Seismogram of an Earthquake
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Instructions for determining Richter magnitude:

 Determine the distance to the epicenter of tthgaake. (The distance in the example is 210 leél@ns.)

» Measure the maximum wave height of 8wwave recorded on the seismogram. (The heightdreample is 23 millimeters.)

* Place a straightedge between the distance tepicenter (210 kilometers) and the height of tihgdatS-wave (23 millimeters) on
the appropriate scales. Draw a line connectingetibws points. The magnitude of the earthquake tisrdened by where the line
intersects the Richter magnitude scale. (The madeibf this example is 5.0.)

74 Using the set of instructions on page 22 andémemogram and scales below, determine the Riotdgnitude of an earthquake
that was located 500 kilometers from this seisrtatan.

Seismogram of an Earthquake

@
=30 %o
P-wave S-wave = 5TE
arriva arriva =20 E E £
= 828
=1 2332
= £E8
= ma0
| = ® =
0 T
Baseline
a1
saconds
500 i
400 7] (oo
G- 50
3004 I
5 20
00— | 10
4- 5
100+ B
60 En B
40 i B
o] HI.5
”o. u H0.2
] 0.1
5 0-
L Height of largest
chr]ter S-wave (mm)
o magnitude o
Distance to
epicenter
(km)

75 ldentify the information shown on the seismogthat was used to determine that the distanceetepicenter was 500 kilometers.
76 How long did it take the fir&&wave to travel 500 kilometers to reach this seisstation?

1/07

21 An earthquake’s magnitude can be determined by
(1) analyzing the seismic waves recorded beismograph (2) calculating the deybttihe earthquake faulting
(3) calculating the time the earthquakevoed (4) comparing #peed oP-waves and-waves

22 A seismic station is recording the seismic wawesluced by an earthquake that occurred 4200 kilera away. Approximately
how long after the arrival of the firBtwave will the firstSwave arrive?

(1) 1 min 05 sec (2) 5min50 sec (3) 7min20sec (4) 13 min 10 sec
6/06
24 A seismic station 4000 kilometers from the epieeof an earthquake records the arrival timéneffirstP-wave at 10:00:00. At
what time did the firs&wave arrive at this station?

(1) 9:55:00 (2) 10:05:40 (3) 10:07:05) 14:12:40
8/06
12 AP-wave takes 8 minutes and 20 seconds to travel fhenepicenter of an earthquake to a seismic statipproximately how
long will an Swave take to travel from the epicenter of the saarthquake to this seismic station?

(1) 6min40sec (2)9min40sec @)din 00 sec (4) 19 min 00 sec
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2004-6
25 The seismogram below shows the time that ahaaakeP-wave arrived at a seismic station in Albany, NewRYdf the
earthquake occurred at exactly 10: 00 p. m., appravely how far from the earthquake epi-center Atimny, New York?
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27 Which seismogram was recorded approximatelydil®@meters from an earthquake epicenter?
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2004-1
Base your answers to questions 45 and 46 on tigeasimbelow, which shows models of two types offearake waves.

ﬁmf\vfﬂm?
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Model A Model B

45 Model A best represents the motion of earth-quaves called
(1) P-waves (compressional waviea) travel faster than S-waves (shear waves) showmodel B
(2) P-waves (compressional waviea) travel slower than S-waves (shear waves) sliowrodel B
(3) S-waves (shear waves) thatréaster than P-waves (compressional waves) slimwuodel B
(4) S-waves (shear waves) thatiralower than P-waves (compressional waves) showrodel B



46 The difference in seismic station arrival tinoéshe two waves represented by the models helps
scientists determine the

(1) amount of damage caused byaathguake (2) intensity of an earthquake

(3) distance to the epicenter oarthquake (4) time of occurrence of the nextheaiake
2003-8
26 The seismogram below shows P-wave and S-wailitimes at a seismic station following an eacihkg.
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0 minutes 6 minutes 12 minutes

The distance from this seismic station to the eqpiEreof the earthquake is approximately
(1) 1,600 km (2) 3,200 km (3) 4,400 km (4) 2,600
2003-6
Base your answers to questions 36 through 38 odatsetable below, which gives information collecs seismic stations A, B, C,
and D for the same earthquake. Some of the datedesdeliberately omitted.

Seismic P-Wave S-Wave Difference in Distance to

Station Arrival Time Arrival Time Arrival Times Epicenter |
A | o880 INo S-waves arrived|
B | 084200 00:04:40
c [ 08:39:20 00:02:40
D | 084540 | 6,200 km
08 : 48 20
Key for Reading — T
Time an the Table
seconds
minutes
hours

36 What is the most probable reason for the abseinSevaves at station A?
(1) s-waves cannot travel through liquids.  $2Naves were not generated at the epicenter.
(3) Station A was located on solid bedrock. Stgtion A was located too close to the epicenter.
37 What is the approximate distance from statido e earthquake epicenter?
(1) 3,200 km (2) 2,400 km (3) 1,600 km (4)aQ&m
38 How long did it take the P-wave to travel frdme epicenter of the earthquake to seismic statidn D
(1) 00:46:20 (2) 00:39:20 (3) 00:17:20 (4) 4D



2002-8

Base your answers to questions 43 through 46 oditiggam and map below. The diagram shows threenggirams of the same
earthquake recorded at three different seismiwsistX, Y, and Z. The distances from each seistation to the earthquake
epicenter have been drawn on the map. A coordsystem has been placed on the map to describédosal he map scale has not
been included.
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43 Approximately how far away from station Y is thgicenter?
(1) 1,300 km  (2) 2,600 km (3) 3,900 km (4)@EXm
44 The S-waves from this earthquake that travehtdviearth's center will
(1) be deflected by Earth's magnetic field (2) be totally reflected off the crust-mantherrface
(3) be absorbed by the liquid outer core (4%hethe other side of Earth faster than those thaet around Earth in the crust
45 Seismic station Z is 1,700 kilometers from thienter. Approximately how long did it take thev@ve to travel to station Z?
(1) 1 min 50 sec  (2) 2 min 50 sec (3) 3 mirs86 (4) 6 min 30 sec
46 Which location is closest to the epicenter eféarthquake?
(1) E-5 (2) G-1l (3)H-3 (4) H-8
2002-6

22 The diagram below shows land features that baea disrupted by an earthquake.

Which type of crustal movement most likely caudseldisplacement of features in this area?
(1) vertical lifting of surface rock (2) folding of surface rock
(3) down-warping of the crust (4) movement along a transform fault



50 The diagram below is a seismogram of the fansamsFrancisco earthquake of 1906, recorded asmigestation located 6,400
kilometers from San Francisco.

Which time scale best represents the arrival-tiifference between P-waves and S-waves at thisis®at

2002-1

64 A seismic station in Massena, New York, recorttedarrival of the first P-wave at 1:30:00 (1 h@0 minutes, 00 seconds) and
the first S-wave from the same earthquake at 1(84:3

a Determine the distance, in kilometers, from Maade the epicenter of this earthquake.

b State what additional information is needed tieine the location of the epicenter of this egutkke.
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