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THE CRUST 
 
Aim 1: What is an earthquake? 
 
HW from “Reviewing Earth Science, the Physical Setting” 

·  Read “What Causes Earthquakes?” p54-58 
·  Do all questions on Part A&B-1 p58-60 

 
Earthquakes are caused when suddenly the crust shifts and energy is released. Most stress happen along faults. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

·  The focus of the earthquake is the place underground where the break occurs.  
 

·  The epicenter is the location at Earth's surface just above the focus.  
 
There are two types of scales applied to earthquakes.  
  
Richter scale (from 1-9) measures the magnitude based on a seismograph. Each increase of one unit means a ten-fold increase in 
shaking.  

 
Ex: A magnitude 6 earthquake has 10 times as much shaking as a magnitude 5 and 100 times more shaking than a magnitude 4. 
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The Mercalli scale (from I-XII) measures the intensity based on experience. 
 

 
Seismic waves (p and s-waves) are waves of energy spreading from the focus.  
 

·  P-waves (Primary-waves) travel the fastest therefore they are felt first. The vibration of a P-wave is like the motion of a 
spring, see A. 

 
·  S-waves (Secondary-waves) travel more slowly than P-waves. The wave motion is like the wave that travels down a rope 

when one end is moved quickly from side-to-side. See B.  
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Seismic waves are used to locate epicenters.  
  

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

 
10:18:50 – 10:12:10 = 00:06:40 

 
2. On a clean edge of a sheet of paper, mark the interval time 6 minutes and 40 seconds from the graph on page 12.  

  
3.  Keeping the edge of the paper parallel to the Y axis, slide the paper until you math the interval between the 2 lines.  
 
4.   Follow the marked edge of your paper down to the X axis to find the epicenter distance.  

 
The value represents the distance from one seismic station to the epicenter along the circumference of a circle and not the exact 
location of the epicenter.  
 
To find the exact epicenter location at least three seismic stations are required. The location where they 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 time for the wave. 
 

3.  Subtracts the travel time from arrival time to calculate the time of origin.  
  
Ex:  
1.  The P-waves of an earthquake was recorded at a station at 14:25:00  

 
2.  If epicenter is 4000 kilometers away, the travel time for 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 then the earthquake must have actually happened 7 minutes earlier.  

  
 
Test your understanding 
1/08 
25 A seismograph station recorded the arrival of the first P-wave at 7:32 p.m. from an earthquake that occurred 4000 kilometers away. 
What time was it at the station when the earthquake occurred?  

(1) 7:20 p.m. (2) 7:25 p.m. (3) 7:32 p.m. (4) 7:39 p.m. 
6/08 
Base your answers to questions 81 through 84 on the map below, which shows a portion of southwestern United States. On January 
17, 1994, an earthquake occurred with an epicenter at Northridge, California. 
 

 
 
 
81 State the latitude and longitude of Northridge, California. Include the correct units and compass directions in your answer.  
82 Explain why earthquakes are common in this region of California.  
83 Of the cities shown on the map, explain why Oakland was the last city to receive P-waves from this earthquake.  
84 List two actions that a homeowner could take to prepare the home or family for the next earthquake.  
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8/07 
25 The map below shows the location of an earthquake epicenter in New York State. Seismic stations A, B, and C received the data 
used to locate the earthquake epicenter. 

 
The seismogram recorded at station A would show the 
         (1) arrival of P-waves, only            (2) earliest arrival time of P-waves 
         (3) greatest difference in the arrival times of P-waves and S-waves (4) arrival of S-waves before the arrival of P-waves 
26 An earthquake’s first P-wave arrives at a seismic station at 12:00:00. This P-wave has traveled 6000 kilometers from the epicenter. 
At what time will the first S-wave from the same earthquake arrive at the seismic station? 
         (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 on the example of a seismogram and set of instructions for determining the Richter 
magnitude of an earthquake below. The example shows the Richter magnitude of an earthquake 210 kilometers from a seismic station. 
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Instructions for determining Richter magnitude: 
• Determine the distance to the epicenter of the earthquake. (The distance in the example is 210 kilometers.) 
• Measure the maximum wave height of the S-wave recorded on the seismogram. (The height in the example is 23 millimeters.) 
• Place a straightedge between the distance to the epicenter (210 kilometers) and the height of the largest S-wave (23 millimeters) on 
the appropriate scales. Draw a line connecting these two points. The magnitude of the earthquake is determined by where the line 
intersects the Richter magnitude scale. (The magnitude of this example is 5.0.) 
74 Using the set of instructions on page 22 and the seismogram and scales below, determine the Richter magnitude of an earthquake 
that was located 500 kilometers from this seismic station.  
 

 

 
 
 
75 Identify the information shown on the seismogram that was used to determine that the distance to the epicenter was 500 kilometers.  
76 How long did it take the first S-wave to travel 500 kilometers to reach this seismic station? 
1/07 
21 An earthquake’s magnitude can be determined by 
         (1) analyzing the seismic waves recorded by a seismograph          (2) calculating the depth of the earthquake faulting 
         (3) calculating the time the earthquake occurred                             (4) comparing the speed of P-waves and S-waves 
22 A seismic station is recording the seismic waves produced by an earthquake that occurred 4200 kilometers away. Approximately 
how long after the arrival of the first P-wave will the first S-wave arrive? 
         (1) 1 min 05 sec         (2) 5 min 50 sec         (3) 7 min 20 sec     (4) 13 min 10 sec 
6/06 
24 A seismic station 4000 kilometers from the epicenter of an earthquake records the arrival time of the first P-wave at 10:00:00. At 
what time did the first S-wave arrive at this station?     

(1) 9:55:00     (2) 10:05:40     (3) 10:07:05    (4) 10:12:40 
8/06 
12 A P-wave takes 8 minutes and 20 seconds to travel from the epicenter of an earthquake to a seismic station. Approximately how 
long will an S-wave take to travel from the epicenter of the same earthquake to this seismic station? 
     (1) 6 min 40 sec     (2) 9 min 40 sec    (3) 15 min 00 sec    (4) 19 min 00 sec 
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2004-6 
25 The seismogram below shows the time that an earthquake P-wave arrived at a seismic station in Albany, New York. If the 
earthquake occurred at exactly 10: 00 p. m., approximately how far from the earthquake epi-center was Albany, New York?  

  
 

(1) 1,900 km (2) 3,200 km (3) 4,000 km (4) 5,200 km  
27 Which seismogram was recorded approximately 4,000 kilometers from an earthquake epicenter?  

  
2004-1 
Base your answers to questions 45 and 46 on the diagram below, which shows models of two types of earthquake waves.  

  
45 Model A best represents the motion of earth-quake waves called  
                (1) P-waves (compressional waves) that travel faster than S-waves (shear waves) shown in model B 
                (2) P-waves (compressional waves) that travel slower than S-waves (shear waves) shown in model B  
                (3) S-waves (shear waves) that travel faster than P-waves (compressional waves) shown in model B  
                (4) S-waves (shear waves) that travel slower than P-waves (compressional waves) shown in model B  
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46 The difference in seismic station arrival times of the two waves represented by the models helps  
scientists determine the  
                (1) amount of damage caused by an earthquake  (2) intensity of an earthquake  
                (3) distance to the epicenter of an earthquake  (4) time of occurrence of the next earthquake  
2003-8 
26 The seismogram below shows P-wave and S-wave arrival times at a seismic station following an earthquake.  
  
  
 
 
 
 
 
 
 
 
The distance from this seismic station to the epicenter of the earthquake is approximately  

(1) 1,600 km  (2) 3,200 km   (3) 4,400 km (4) 2,600 km  
2003-6 
Base your answers to questions 36 through 38 on the data table below, which gives information collected at seismic stations A, B, C, 
and D for the same earthquake. Some of the data has been deliberately omitted.  

  
 
36 What is the most probable reason for the absence of S-waves at station A?  

(1) S-waves cannot travel through liquids.      (2) S-waves were not generated at the epicenter.  
(3) Station A was located on solid bedrock.    (4) Station A was located too close to the epicenter.  

37 What is the approximate distance from station C to the earthquake epicenter?  
(1) 3,200 km   (2) 2,400 km    (3) 1,600 km (4) 1,000 km  

38 How long did it take the P-wave to travel from the epicenter of the earthquake to seismic station D? 
(1) 00:46:20    (2) 00:39:20  (3) 00:17:20 (4) 00:09:40  
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2002-8 
Base your answers to questions 43 through 46 on the diagram and map below. The diagram shows three seismograms of the same 
earthquake recorded at three different seismic stations, X, Y, and Z. The distances from each seismic station to the earthquake 
epicenter have been drawn on the map. A coordinate system has been placed on the map to describe locations. The map scale has not 
been included.  

 
 
43 Approximately how far away from station Y is the epicenter?  

(1) 1,300 km    (2) 2,600 km   (3) 3,900 km (4) 5,200 km  
44 The S-waves from this earthquake that travel toward Earth's center will  

(1) be deflected by Earth's magnetic field             (2) be totally reflected off the crust-mantle interface  
  (3) be absorbed by the liquid outer core  (4) reach the other side of Earth faster than those that travel around Earth in the crust  
45 Seismic station Z is 1,700 kilometers from the epicenter. Approximately how long did it take the P-wave to travel to station Z?  

(1) 1 min 50 sec    (2) 2 min 50 sec   (3) 3 min 30 sec (4) 6 min 30 sec  
46 Which location is closest to the epicenter of the earthquake?  

(1) E-5   (2) G-1l   (3) H-3   (4) H-8  
2002-6 
22 The diagram below shows land features that have been disrupted by an earthquake.  

  
 
 
 
 
 
 
 
 
 
 
 

Which type of crustal movement most likely caused the displacement 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  
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50 The diagram below is a seismogram of the famous San Francisco earthquake of 1906, recorded at a seismic station located 6,400 
kilometers from San Francisco.  

 
 Which time scale best represents the arrival-time difference between P-waves and S-waves at this station?  

  
2002-1 
64 A seismic station in Massena, New York, recorded the arrival of the first P-wave at 1:30:00 (1 hour, 30 minutes, 00 seconds) and 
the first S-wave from the same earthquake at 1:34:30.  
a Determine the distance, in kilometers, from Massena to the epicenter of this earthquake. 
b State what additional information is needed to determine the location of the epicenter of this earthquake.  
 


