EPSC 201 – LECTURE 8 – FEBRUARY 4 2015
The formation and movement of faults causes most destructive earthquakes. When the strength of the rock is exceeded, there is failure and release of the strain by sudden dislocation or fracture along the fault plane (stick-slip behaviour). Earth shaking is caused by rapid release of energy, most of which is due to tectonic forces.
· Apply compressional force to fault plane
· Eventually some amount of deformation and bending happening
· When that gets large enough, it breaks, and there is a slip
· There is a release of energy and that is an earthquake, with seismic waves travelling away from that point
Practice Question: The point on the surface of the Earth that lies directly above the place where a slip on a fault occurs is the _______________?
Answer: Epicenter
Practice Question: On a ____________ fault, the hanging wall block slips down the surface of the fault, relative to the footwall. If the fault displaces the ground surface, a ______________ develops.
Answer: Normal / fault scarp (evidence of deformation that you see, like a cliff)
Note: fault trace: imaginary line that you draw along the surface that lies along the fault.
After fault deformation occurs, the surface erodes over time. A geologist can determine where the fault is by looking at the different layers of the surface and “match them up”.
Generating Earthquake Energy
Tectonic forces add stress (push, pull, or shear) to rock.
· The rock bends slightly without breaking (elastic) – deformation happens in the beginning
· Continued stress causes cracks to develop and grow
· Eventually, cracking progresses to the point of failure – the breaking is what releases the energy
· Stored elastic energy is released at once, creating a fault
Fault motion is arrested by friction
· Friction is the force that resists sliding on a surface
· Friction is due to bumps along the fault
Stick-slip behaviour
· Stick – friction prevents motion
· Slip – friction is briefly overwhelmed by motion (when stress is able to overcome the friction)
Elastic-rebound Theory (land bouncing back to release the energy)
· Rocks bend elastically due to accumulated stress
· Rock snaps back after slip along fault releases stress
Generating Earthquake Energy
A major earthquake may be preceded by foreshocks (smaller earthquakes – small tremors - that happen before the major earthquake)
· Smaller tremors indicating crack development in rock
· May warn of an impending large earthquake
Aftershocks usually follow a large earthquake (small tremors or continuation of stress release)
· May occur for weeks or years afterward
Amount of slip on faults
[image: ]How much does a fault slip during an earthquake?
· Larger earthquakes have larger areas of slip – larger rupture areas generally means more energy released, i.e., larger earthquakes
· Displacement is greatest near the hypocenter
Fault slip is cumulative
· Faults can offset rocks by hundreds of kilometers over geologic time
Seismic Waves
Body waves – pass through Earth’s interior. Can be a P or S wave.
P-waves (primary or compressional waves); P = push/pull
· Waves travel by compressing and expanding material
· Material moves back and forth parallel to wave direction
· P-waves are the fastest and are the first to arrive
· [image: ]They travel through solids, liquids, and gases

S-waves (secondary or shear waves)
· Waves travel by moving material back and forth
· Material moves perpendicular to wave travel direction
· S-waves are slower than P-waves
· They travel only through solids, never liquids or gases
[image: ]
[image: ]Surface Waves – travel along Earth’s exterior. Surface waves are the slowest and most destructive
L-waves (Love waves)
· S-waves that intersect the land surface
· Move the ground back and forth like a writhing snake
· [image: ]Maximum amplitude/displacement at the surface (we can see that the curviness decreases as we go down into the Earth)


R-waves (Rayleigh waves)
· P-waves that intersect the land surface
· Cause the ground to ripple up and down like water




How do we measure earthquakes
Seismometer – instrument that records ground motion.
· [image: ]A weighted pen on a spring traces movement of the frame. The frame is nailed to the earth, so the frame moves with the land.
· When the earthquake occurs, the weight and its pen remain fixed in space because of their inertia while the frame and paper roll are moved by the vibrating ground.
· As the revolving paper cylinder moves back and forth beneath the weight, the pen records the waveforms.
Modern seismometers use a magnet and electric coil. They record data digitally. They are able to detect very small ground motions, those that people cannot sense.
Seismogram – the data record by a seismometer. It depicts earthquake wave behaviour, particularly the arrival times of the different waves, which are used to determine the distance to the epicenter. Seismic waves arrive at a station in sequence: P-waves are first, S-waves are second, Surface waves are last (largest ones that cause the most damage at the surface), and then aftershock at the end.
Finding the epicenter – we need multiple stations
P-waves always arrive first; then S-waves
· P-wave and S-wave arrivals are separated in time
· Separation grows with distance from the epicenter
· [image: ]The time delay is used to establish this distance. As the wave is travelling, it is slowing down, so the time between waves is measured.
[image: ]




We know that the epicenter is somewhere to the left of these stations because it arrives at station 1 first, then station 2 second, and stations 3 third. As the wave travels through the earth it gets attenuated, so it slows down as it travels longer distances. So station 1 compared to station 2, it has taken longer for the wave to get to station 2 so there is more time between the P & S wave in station 2. 
P-wave and S-wave arrival times can be graphed. A travel-time curve plots the increasing delay in arrivals. The time gap yields distance to the epicenter. Data from 3+ stations pinpoints the epicenter. The distance radius from each station is drawn on a map. Circles around 3 or more stations will intersect at a point. The point of intersection is the epicenter.
 [image: ] [image: ]

Practice Question: According to the “elastic rebound theory” of earthquake generation….
Answer: rocks bends elastically before breaking; the sudden break and/or frictional sliding causes earthquakes.
Practice Question: A mechanical seismograph consists of a pen attached to a suspended weight, and a rolling drum with paper attached. During an earthquake….
Answer: Paper and frame are attached to the earth while the pen & weight stay in place while everything else moves around it. The weight stays fixed in space while the drum and paper move. Everything that is attached to the earth is moving.
Earthquake Size
Earthquake size is described by two measurements.
· The severity of damage (intensity) – a local measurement (consider building materials and type of land/soil in area)
· The total radiated seismic energy measured at distance via ground motion (magnitude)
Mercalli Intensity Scale: amount of shaking damage.
Roman numerals assigned to different levels of damage.
I = low
XII = high
Intensity I-IV  no to little damage, a few objects will vibrate.
Intensity VI  noticeable, with little damage
Intensity VIII +  extreme damage, windows and walls breaking, things falling apart. Duck and Tuck rule for safety – duck under hard surface like a table
· Damage occurs in zones
· Damage diminishes in intensity with distance
[bookmark: _GoBack][image: ]Intensity of earthquake diminishes with distance. Therefore, higher magnitude of earthquake felt if you are closer to the epicenter.
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