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Earthquakes and volcanoes tend to happen in similar locations – plate boundaries
An earthquake is an event where two pieces of crust shift against each other. The rumbling felt is from the rocks slipping, sticking and breaking. The vibrations are called seismic waves. There are different types of seismic waves that vibrate in different ways.

[image: image10.jpg]



The focus is the spot within the earth where the earthquake began.
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The epicenter is the spot on Earth's surface closest to the focus.  Fault is a crack along which the rocks slide
Seismic Waves- during an earthquake, several types of waves are generated. The vibrations felt are actually called seismic waves that are traveling through the Earth.
P-Waves
· Primary wave- travels fastest so it arrives at seismic stations first 

· Rock vibrates forward and backward in the same direction that the wave travels ("parallel") 

· Pass through solids and liquids (magma).

S-Waves
· Secondary wave- arrives at a seismic station second. 

· Slow wave- not as fast as the P-wave. 

· Shake wave (shear wave)- vibrates side-to-side at right angles

· Solids wave- only travels through solids.  
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	P waves 
	S waves 

	Primary waves 
	Secondary waves 

	Travel faster, and at seismic stations first. 
	Travel slower, and arrive at seismic stations second. 

	Push-pull, or compression waves. 
	Side-to-side, or shear waves. 

	Travel through solids, liquids, and gases. 
	Travel only through solids. 


Time Math

Regular math uses ten whenever you need to borrow to subtract.  Time math works almost the same way except instead of taking ten over from the neighboring column, you take 1 minute and convert it into 60 seconds.

3:13:25 (“3 hours, 13 minutes, and 25 seconds”)
-1:09:37
turns into:
3:12:85 (3 hrs,12 min, 85(60 + 25 seconds) is the same as 3:13:25  

-1:09:37
2:03:48
Locating the Epicenter
Since P and S waves travel at different rates, we can use them to calculate our distance to the epicenter. P waves travel faster than S waves, and will always arrive at a seismic station first. How far ahead of the S waves they arrive depends on how far away the earthquake is. The further away the epicenter is, the wider the gap will be between the P and S waves. This is similar to the effect during a thunderstorm, when you can estimate how far away the lightning is by timing how long you have to wait for the thunder. 

How to Use the P-Wave and S-Wave Travel Time Chart 
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The P-line shows how much time it take a P-wave to travel a certain distance. So if you need to know how much time it takes the p-wave to travel 2,000km, it is just over 4 minutes (about 4:05 ). The S-wave works the same way: for 2,000km it takes 7:20 . 
To find the distance to epicenter: 
You are in charge of watching the seismic station tonight when the seismograph detects an earthquake. The earthquake didn’t happen where you are- you can’t even feel it. As a result, you don’t know what distance or direction the earthquake happened. The P-wave and S-wave are separated by 4:05 (4 minutes, 5 seconds). You need to find a spot on the graph where the P-line and the S-line are separated by 4:05 . 
· Take a scrap piece of paper, line it up along the left edge of the chart. 

· Put a small tick mark on your scrap paper at zero, and a small tick mark at 4:05 . 

· Slide the scrap paper up along the chart until it the two tick marks just touch the P and S lines. BE SURE THAT YOUR SCRAP PAPER IS PERFECTLY STRAIGHT UP AND DOWN (use the lines on the grid as a guide). 

· Now that you have found the right spot on the graph, drop a line straight down to the bottom of the graph to read the distance- 2,600km. 

To Find The Time That The Earthquake Occurred 
When a seismograph detects an earthquake that happened at some distance, (2,600km for example) you know that the earthquake happened some time in the past and it took time for the waves to reach your station. But how long ago? All you need to do is answer the question “how long does it take a P-wave to travel 2,600km? 

· Find 2,600km on the bottom of the chart. 

· Go straight up until you reach the P-line and read the time from the left of the chart: 5:00 (5 minutes). 

· Now compare times: if you detected the earthquake at 3:17:00 and it took 5:00 then the earthquake happened 5 minutes before 3:17:00 or 3:12:00 . 

Finding epicenter – need 3 seismic stations.  Each circle represents the distance from each seismic station the earthquake occurred.  They will meet at only 1 location ---- the epicenter.

[image: image8.png]



Earthquake Strength -The intensity of an earthquake is measured 2 ways

There are two different scales that are commonly used to measure the severity of an earthquake. 
The Richter Scale measures the amount of energy released by the earthquake. It is a logarithmic scale, meaning that a 6 is 10 times more powerful than a 5. 
The Mercalli Scale attempts to measure the severity of the earthquake by observing the damage that it causes. A simplified Mercalli Scale is shown below: 
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P and S wave shadow zones
· P-Waves travel through solid and liquid 

· S-Waves travel only through solids 

· Seismic waves travel faster through denser material. 
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Because of this, the path traveled by a seismic wave is bent                                                              towards the surface



Properties of the material (such as density and pressure) that the waves pass through can be inferred by the speed and angle that the waves travel.
The layers of the earth are determined by the jumps in velocity and “echoes” of seismic waves.

The MOHO is a boundary between the crust and the upper mantle where the velocity of waves jumps up sharply. This sharp increase in velocity is called a discontinuity.


A shadow zone occurs on the opposite side of the earth from an earthquake because of the liquid outer core. S-Waves are stopped all together while the P-Waves are refracted (bent) to create a zone where no waves are picked up at all. This zone is between 102° and 143°around the earth from the earthquake.

Lab research and studies of meteorites suggest that the core is made of Iron and Nickel (Fe and Ni)

