Chapter 8 earthquakes
Introduction
This apartment building broke apart and tipped over during a major earthquake (magnitude 8.0) that struck Beichuan, Sichuan, China in 2008. Violent earthquakes, which are inevitable on our dynamic planet, can have catastrophic consequences.
what Happens During an Earthquake?
[image: A three part diagram of what happens during an earthquake and a stick representation at each step. Part a has 4 layers of rock and a straight stick. Part b has a layer of rock that bends elastically, which is exaggerated in the figure. Half rock is pushing up above the other half. The stick is bent at this step. Part c has a break in the rocks where the layers are sliding vertically to each other. Both sections of rock are vibrating. Due to elastic rebound, the rock layers return to their initial shape. The stick vibrates and breaks at this step.]
Before deformation, the rock layers in this example are not bent. 
As deformation occurs, rock bends elastically, like a stick that you arch between your hands. The drawing exaggerates the amount of bending.
Eventually, the rock breaks, and sliding suddenly occurs on a fault. This break generates vibrations like those you feel when you break a stick.

What Causes Earthquakes?
Faults: fractures along which sliding or slip takes place
An example of a fault surface in Arizona that became exposed because the rock above the fault surface has eroded away. Slip lineations formed on this fault surface during movement.
Defining the Location of an Earthquake
· Focus (hypocenter): location where the generation of seismic waves begins
· Epicenter: the point on the surface of the Earth that lies vertically above the focus
Seismic Waves
· Body waves
· P-waves: compressional
· S-waves: shear
· Surface waves
· R-waves: vertical undulations
· L-waves: back-and-forth movement
Body Waves
Compressional waves can be generated by pushing and pulling on the end of a spring. P-waves are compressional body waves, so the vibration direction is parallel to the direction of wave movement.
Surface Waves
There are two types of surface waves. When an L-wave passes, the ground surface moves back and forth like a slithering snake. R-waves make the ground surface go up and down.

Locating an Earthquake’s Epicenter
We can represent the different arrival times of P-waves and S-waves on a graph of travel-time curves. The red lines are called travel-time curves. The S-P time at a given distance from the epicenter is represented by the vertical distances between the S-wave travel-time curve and the P-wave travel-time curve.
If an earthquake epicenter lies 2,000 km from Station 1, we draw a circle with a radius of 2,000 km around that station at the scale of the map. We repeat for the other two stations. The intersection of the three circles is the epicenter.
Richter and Moment Magnitude Scales
To calculate the Richter magnitude from a seismogram, we first measure the amplitude of the largest wave. We then calculate the difference between the arrival times of S-waves and P-waves (S – P time) to determine the distance to the epicenter.
Next we draw a line from the point on Column A representing the S – P time (or distance to the epicenter) to the point on Column C representing the wave amplitude. We can then read the Richter magnitude off Column B.
Divergent-Boundary Seismicity
The distribution of earthquakes at a divergent boundary. Note that normal faults occur along the ridge axis and strike-slip faults occur along active transform faults. Earthquakes do not occur along inactive fracture zones.
Normal faults form during extension of the crust. The hanging wall moves down.
On a strike-slip fault, one block slides laterally past another, so no vertical displacement takes place.

Transform-Boundary Seismicity on Continents
Transform-Boundary Seismicity on Continents
Reverse faults form during shortening of the crust. The hanging wall moves up, and the fault is steep.
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