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Newspaper headline

Presenter
Presentation Notes
Slide 2This headline was published a day after the magnitude 6.6 earthquake in 1994 at Northridge, California.  A similar earthquake occurred in 1971 only a few kilometers away, near the author’s home as a child.  His most vivid memories are hearing the enormous sound (like that of an avalanche right beneath the floor) and watching the cinder block fence in the back yard being shaken to pieces.  



Earthquakes and Faults

• An earthquake is vibration of the Earth due 
to a sudden release of natural energy, usually 
as a result of slip along a fault.

• A fault is a surface within the Earth along 
which rocks on opposite sides have slid.

• A fault scarp is a step in the Earth’s surface 
due to being displaced by fault movement.
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Presentation Notes
Slide 3Some definitions:An earthquake is a vibration of the Earth due to a sudden release of natural energy, usually as a result of slip along a fault.  Slip is simply the amount of movement along a fault during a single event, whereas displacement is the cumulative amount of movement throughout the history of a fault.  Other earthquakes result from the movement of magma (liquid rock) within the Earth.A fault is a surface within the Earth along which rocks on opposite sides have slid past each other.  Almost any earthquake large enough for a person to feel occurred on a fault that was already present before the earthquake took place.  A fault scarp is a step in the Earth’s surface due to being displaced by fault movement.  The boundary between Hill Country and the Coastal Plain in Austin is the Mount Bonnell Fault, which is marked by a topographic scarp.  However, this scarp is not due to fault displacement but rather by different degrees of erosion on opposite sides.



Photo of fault - Andes 
Mountains

Presenter
Presentation Notes
Slide 4This small fault can be recognized as the discontinuity in the sandstone layers, which can be matched up across the fault.  The displacement on this fault is only about a meter (note the orange notebook for scale, which is 19 centimeters tall).  Note that there is no gap between the rocks on opposite sides of the fault.  Instead, the rocks slid parallel to the fault surface, grinding against one another in the process.  Credits:  Photo of fault in the Andes of northwestern Argentina by Randall Marrett.



Aerial Photo of Volcanic Table
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Slide 5The mostly flat area in the middle ground is a layer of volcanic rock in the Owens Valley, California near the ski area of Mammoth Mountain.  The steps in the otherwise flat topography are fault scarps due to displacement of the Earth’s surface since the eruption of the volcanic rocks about 800,000 years ago.  (The step in the topography in near ground is due to erosion by the Owens River, also in the near ground.)  The fault scarps are tens of meters high, and probably were made by many major earthquakes.  Moderate to small earthquakes generally do not break the Earth’s surface.  Earthquakes usually are common in areas having fault scarps.  Several moderate earthquakes have occurred during the past two decades in the area pictured.  Credits:  Aerial photo of Volcanic Tablelands in eastern California by Randall Marrett.



Elastic rebound theory
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Slide 6Friction between the rocks meeting each other at a fault is responsible for earthquakes.  The diagram illustrates this in a four step process.  The fence in the upper left diagram is straight when it is built across a pre-existing fault right after an earthquake has taken place.  Gradual deformation builds up, for example due to the motion of tectonic plates, and distorts the Earth along with the fence in the upper right diagram.  Much of this deformation in the upper 15 kilometers of the Earth is not permanent, but stored elastically.  This is similar to stretching a rubber band.  Friction prevents sliding from happening along the fault.  Once the force on the fault overcomes the resistance to sliding from friction, the fault begins to slip in the lower left diagram.  The slip happens rapidly, causing the Earth around the fault to shake in an earthquake.  The energy released during the earthquake is the energy that was stored in the rocks by the previous gradual deformation.  The earthquake is like letting go of a stretched rubber band.  The rocks near the fault return to the rectangular shape they had when the fence was built, but the slip on the fault has broken and displaced the fence in the lower right diagram.  The earthquake is over: it’s time to repair the fence!  Credits:  Diagram modified from Monroe, J. S., and Wicander, R., 1997, The Changing Earth: Wadsworth Publishing Company. 



Video clip
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Presentation Notes
Slide 7This photo shows an early frame from a video clip (see Slide 9) that provides a real-life example of the frictional process illustrated on Slide 5.  This is an easy experiment to demonstrate for a class.  At the beginning of the video, we see a piece of plywood (with a book on it for weight) resting on a table.  A strong rubber band is connected to one end of the plywood block.  The contact between the plywood block and the table is like a fault; the rubber band is like the elastic rock surrounding the fault.  Ask the class:  What will happen when you start gradually pulling on the rubber band?  Their intuition is good: at first nothing appears to happen.  Pulling on the rubber band applies a force to the plywood block but the resistance to sliding, created by friction between the plywood and the table, is stronger.  The maximum amount of friction is governed by the materials in contact and by the force with which they are pressed together (by gravity in this case).  The rubber band does not influence the maximum frictional resistance.  Energy is stored in the rubber band as it is stretched, but the plywood block does not move.  



Video clip
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Slide 8The rubber band is pulled farther and farther from the plywood block.  More and more energy is stored in the rubber band, and the force that the rubber band applies to the plywood block progressively increases.  Eventually the force applied to the plywood block by the rubber band reaches the maximum frictional resistance, and the plywood block begins to slide.  Earthquake!  Notice that the plywood block does not just slide a little; it slides a relatively long distance (compare the frame above with Slide 6).  This is because friction does not cease during sliding, but it is significantly reduced (i.e., it changes from static friction to the smaller dynamic friction).  Consequently, the force applied by the rubber band suddenly is much larger than the frictional resistance, so the plywood block takes off and slides 10-20 centimeters (your results may vary).  Eventually the plywood block comes to rest and stops.  



Video Clip
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Slide 9Once the plywood block stops, static friction replaces dynamic friction.  Renewed pulling on the rubber band stretches it again, without additional motion of the plywood block.  The process is repeating itself.  A significant amount of stretching is required before the force from the rubber band reaches the maximum frictional resistance again, setting the plywood block in motion for a second time (just beginning in the frame above).  
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Highway offset

Presenter
Presentation Notes
Slide 10The entire video clip is provided here, with both earthquakes seen in sequence.  If this were the San Andreas Fault in California, the video would have to be hundreds of years long to watch two complete earthquake cycles.  Credits:  Video of slider block demonstration by Jay Banner.  



House damage - Texas
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Slide 11Not all geologically active faults make earthquakes.  The frictional characteristics in some faults allow them to slip in a stable fashion.  Many people are unaware that there are numerous active faults in Houston, Texas.  Notice the step in the ground surface where the road has been patched in this photo (Bingle Rd. near intersection with Curling St.).  This is a fault scarp along the Long Point Fault.  The road requires periodic repair due to the gradually increasing displacement on the fault, which has not generated any historic earthquakes and probably will not make any in the future.  Credits: Photo of Long Point Fault scarp in Houston, Texas by Randall Marrett.



Focus and epicenter
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Slide 12Even faults that do not make earthquakes can produce damage.  This photo shows a house in Houston, Texas (on Westview Dr. one block west of Gessner Rd.) that has been damaged beyond repair due to gradual slip on the Long Point Fault.  Unfortunately for its owners, the house was built across the fault and gradual displacement broke the cement slab foundation.  The flexure of the driveway in the foreground also is due to motion on the Long Point Fault.  Credits: Photo of Long Point Fault scarp in Houston, Texas by Randall Marrett.



Magnitude Shaking Amplitude Energy Release

8 10,000x 300,000 kilotons TNT
(600,000,000,000 pounds)

7 1,000x 10,000 kilotons TNT
(largest nuclear test done)

6 100x 300 kilotons TNT

5 10x 10 kilotons TNT
(Hiroshima nuclear bomb)

4 reference 0.3 kilotons TNT

Logarithmic Magnitude Scale

Presenter
Presentation Notes
Slide 13Although most people only experience the outer surface of the solid Earth, most of the action as far as earthquakes are concerned takes place in the interior.  The focus of an earthquake (also called a hypocenter) is the point inside the Earth at which slip along a fault begins.  The epicenter is the point on the surface of the Earth above the focus.  The depth of an earthquake is the distance between the focus and the epicenter.  Most large earthquakes occur at depths of 10-15 kilometers.  Only major earthquakes having magnitudes greater than about 7 are large enough to break all the way to the surface of the Earth and make a scarp.  Smaller earthquakes shake the Earth’s surface, but do not cut it.  Credits:  Diagram modified from Monroe, J. S., and Wicander, R., 1997, The Changing Earth: Wadsworth Publishing Company. 



Magnitude Recurrence Interval Earthquakes per Century

8 100 years 1

7 10 years 10

6 1 year 100

5 1 month 1,000

4 4 days 10,000

Recurrence Intervals of Earthquakes in California
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Slide 14The most widely known way to describe an earthquake is its magnitude.  Charles Richter (a former seismologist at Cal Tech) was involved in developing a predecessor to the modern magnitude scale, so some people refer to Richter magnitudes.  The intensity of shaking due to different earthquakes varies by at least a factor of a billion.  For this reason, it is convenient to calculate the logarithm of the amplitude of ground motion.  Magnitude is determined from this logarithm.  For each increase of one in the magnitude scale, the amount of energy released by the earthquake increases by a factor of about 30.  A magnitude 6 earthquake releases 1,000 times the energy of a magnitude 4 earthquake, and a magnitude 8 earthquake releases 1,000,000 times the energy of a magnitude 4 earthquake!  The table above provides a comparison of earthquakes for different magnitudes in terms of shaking amplitude and energy release.  



Global Seismic Hazard Map

Presenter
Presentation Notes
Slide 15One of the most important things to measure about earthquakes is how often they occur.  Unfortunately, geologists still do not have much data on how often earthquakes happen on specific faults.  This is due to the fact that the time periods are generally very long: hundreds to hundreds of thousands of years.  It is easier to lump all earthquakes that happen in a region containing many faults.  The table above gives the recurrence intervals for earthquakes anywhere in California.  The recurrence interval is the average amount of time that elapses between earthquakes.  Small earthquakes occur all the time.  The larger the earthquake, the less frequent it will occur.  We are fortunate it is not the other way around!  



1969 Seismic Risk Map
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Slide 16This map shows the hazard of earthquakes across the globe, with hotter colors indicating greater risk.  Most earthquakes occur in the upper 70 kilometers of the Earth near the boundaries between tectonic plates, which compose the upper 100 kilometers or so of the Earth.  In fact, 80% of all seismic energy is released along the margins of the Pacific Ocean.  The largest earthquake since the invention of seismographs about a century ago happened just offshore of Chile in 1960 (magnitude 9.6), and accounted for 25% of all seismic energy during the 1900s!  Several locations referred to in this CD-ROM are indicated on the map.  Credits:  Global Seismic Hazard Assessment Program.  Web address:  http://seismo.ethz.ch/gshap/



California earthquakes
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Slide 17Earthquakes in the continental U.S. mostly occur west of the Great Plains.  The highest seismic hazards are along coastal and eastern California and in the northern U.S. Rocky Mountains.  There have been some significant exceptions, especially the 1811-1812 earthquakes (three having magnitudes of 8.0-8.3) near New Madrid, Missouri and the 1896 earthquake (magnitude 7.5) near Charleston, South Carolina.  This map also shows the locations for several areas in the Rocky Mountains that I will discuss.  Credits:  U.S. Coast and Geodetic Survey. 



San Andreas Fault
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Slide 18California is especially known for its earthquakes.  I will discuss several areas in eastern California as well as areas along the coast, as indicated on this map.  Many earthquake-prone regions are well known.  For example…Credits:  Modified from the California Division of Mines and Geology, www.consrv.ca.gov/dmg/index.htm



Sierra Nevada - 1872 
Earthquake
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Slide 19The San Andreas Fault is probably the most widely known fault in the U.S.  It is considered to be the boundary between the North American Plate and the Pacific Plate.  On average it slips several centimeters per year (about the rate your fingernails grow).  However, most segments of the fault only slip once per hundred years or more, so it slips as much as several meters when it does finally slip.  The part of the San Andreas Fault shown in this photo last slipped in 1857.  Credits:  Aerial photo of San Andreas Fault in the Carrizo Plain, California by Randall Marrett.



Sierra Nevada fault scarp
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Slide 20The largest earthquake to strike California during recorded history was not on the San Andreas Fault, but along the eastern side of the Sierra Nevada Mountains in the Owens Valley.  The earthquake here in 1872 probably had a magnitude of about 8.3.  Credits:  Photo of eastern front of the Sierra Nevada Mountains in eastern California by Randall Marrett.



Borah Peak, Idaho

Presenter
Presentation Notes
Slide 21The 1872 earthquake produced this fault scarp west of Lone Pine, California, with the Sierra Nevada Mountains in the background.  The scarp does not look very high (note person standing on scarp near right edge of photo), but that is because most of the movement was horizontal.  The fault slipped about 5 meters during the earthquake.  As you can see, fault scarps can be well preserved for hundreds of years in desert conditions.  Credits:  Photo of fault scarp near Lone Pine, California by Randall Marrett.



Fault scarp near Borah peak
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Slide 22Major earthquakes are also well known in the Great Basin from southern Idaho to southern Nevada.  In 1983 a magnitude 7.3 earthquake occurred on this fault along the western side of Borah Peak, Idaho.  Credits:  Photo of Borah Peak in eastern Idaho by Randall Marrett.



1992 Quake near Landers, 
California
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Slide 23Here is a close-up view of the fault scarp near Borah Peak that was generated by the 1983 earthquake.  Note the person standing on the scarp for scale.  Credits:  Photo of fault scarp near Borah Peak in eastern Idaho by Randall Marrett.



1992 Landers- surface rupture
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Slide 24More areas that are earthquake-prone come to light frequently.  This aerial photo shows the scarp produced by the 1992 earthquake (magnitude 7.5) near Landers, California.  Although most of the faults on which slip occurred were previously mapped, and some considered active, no one expected that an earthquake this large could occur.  Credits: Aerial photo of surface rupture from the Landers earthquake in southern California by Randall Marrett.



slickensides
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Slide 25This is a ground view of the surface rupture from the 1992 Landers, California earthquake.  The nearly vertical wall with the person’s hand atop it is the fault surface.  The left side of the fault moved upward and away from the camera relative to the right side.  Although the vertical motion was impressive, most of the slip was horizontal.  The slip was about 6 meters at this spot.  Credits:  Photo of surface rupture from the Landers earthquake in southern California by Randall Marrett.



Grand Teton National Park
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Slide 26In this close-up view of the surface rupture from the 1992 Landers, California earthquake, you can see linear scratches on the fault surface (slickensides) that show the direction of slip.  Slip was mostly in a horizontal direction.  The red and white boxes on the scale bar are 1 centimeter wide.  Credits:  Photo of surface rupture from the Landers earthquake in southern California by Randall Marrett.



UT Students doing field work
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Slide 27There are many other areas where most residents are unaware of the earthquake hazard.  The main reason for this is that no earthquakes have happened in those areas during historic times.  However, keeping in mind that hundreds of years can pass between major earthquakes on an active fault, the lack of historic earthquakes is no guarantee that an earthquake will not occur in the near future.  Geologic evidence indicates that major earthquakes do occur in many areas that have not experienced historic earthquakes.  One good example of this is Grand Teton National Park and the nearby town of Jackson, Wyoming.  A major fault bounds the steep eastern side of the mountain range, and is responsible for uplifting the mountains to their current elevation.  No significant earthquakes have occurred here since it was occupied by western people.  Credits:  Photo of the Teton Mountains in northwestern Wyoming by Randall Marrett.



Wasatch Fault
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Slide 28This photo shows a group of UT geology students measuring the size of a scarp along the Teton Fault that cuts glacial deposits (13,000 years old) near Jenny Lake in Grand Teton National Park.  The steep vegetated slope (most of the field of view) is the fault scarp.  Most hikers fail to notice the scarp, probably because it is obscured by the vegetation.  Credits:  Photo of fault scarp near Jenny Lake in Grand Teton National Park, Wyoming by Randall Marrett.



Wasatch Fault
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Slide 29Another example of an active fault whose earthquake potential is unappreciated by most of its neighbors is the Wasatch Fault, which borders Salt Lake City, Utah.  This aerial view shows a scarp of the Wasatch Fault (highlighted with arrows) cut in glacial deposits, indicating tens of meters of displacement since the last glaciation.  This has not stopped people from building their houses on it.  Credits:  Aerial photo of the Wasatch Fault in the outskirts of Salt Lake City, Utah south of Little Cottonwood Canyon from: The Wasatch Fault, Utah Geologic Survey, Public Information Series, 1996.



Map of Austin
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Presentation Notes
Slide 30This photo is a ground view of the same scarp seen in the previous photo.  There are two separate traces of the fault at this location.  On the skyline to the left are high-rise buildings in downtown Salt Lake City, Utah.  No major earthquakes have occurred in this area since the city was established, but geologic evidence suggests that major earthquakes do occur here.  Credits:  Photo of the Wasatch Fault scarp in the outskirts of Salt Lake City, Utah south of Little Cottonwood Canyon by Randall Marrett.  



Mopac and Highway 360
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Slide 31Are we any better off in Austin?  This map of Austin shows the trace of the Mount Bonnell Fault, which runs through west Austin and separates the central Texas Hill Country from the Coastal Plain.  In the vicinity of Austin, the Mount Bonnell Fault is the largest fault of the Balcones Fault Zone.  There are literally millions of faults in the fault zone, although most of them have small amounts of displacement.  Several locations in Austin where you can see some of these faults are indicated on the map.  Most geologists believe that the Balcones Fault Zone is no longer active.  Credits:  Map courtesy of The General Libraries, University of Texas at Austin and the Texas Department of Transportation.



Barton Creek
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Slide 32The fault shown in this photo has about 3 meters of total displacement.  You can find it on the southbound exit of Mopac onto Highway 360 south near Barton Creek.  Watch out for the cars!  Credits:  Photo of a minor fault at the intersection of Mopac and Highway 360 in south Austin, Texas by Randall Marrett.



Balcones Fault Zone Outcrop, 
Highland Park Elementary
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Presentation Notes
Slide 33Barton Springs is one of the best known spots in Austin.  However, most people do not know that the main spring feeding the pool emerges from a fault in the Balcones Fault Zone.  In this photo the fault borders the near side of the broad rock slab with people standing on it.  Credits:  Photo of Barton Springs in Austin, Texas by Randall Marrett.



Slickensides
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Slide 34Another nice outcrop of a fault in the Balcones Fault Zone can be found in the playground at Highland Park Elementary School, north of Camp Mabry.  Some kids call this “Pride Rock” because it reminds them of the opening scene of the movie “The Lion King.”  Credits:  Photo of fault outcrop in playground of Highland Park Elementary School, Austin, Texas by Michael Jaffre.



Earthquake epicenters in Texas
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Presentation Notes
Slide 35This photo is a detail of the fault outcrop in the playground at Highland Park Elementary School.  The rock surface shown is a slip surface of a fault, which has linear features called slickensides showing the direction of slip on the fault.  In this case the rocks on the near side of the fault moved downwards relative to the rocks on the far side of the fault.  Credits:  Photo of fault outcrop in playground of Highland Park Elementary School, Austin, Texas by Michael Jaffre.



Date Magnitude    Nearby Town Remarks
1847 Feb. 14 3.6 Seguin Cracked timber in houses

1873 May 1 3.0 Manor

1887 Jan. 5 4.1 Paige

1887 Jan. 31 3.3 Wellborn

1891 Jan. 8 4.0 Rusk Chimneys thrown to ground

1902 Oct. 9 3.9 Creedmoor

1910 May 8 3.8 Hempstead

1914 Dec. 30 3.3 Anderson

1932 April 9 4.0 Wortham-Mexia Chimney bricks shaken loose

1973 Dec. 25 3.2 Fashing Several aftershocks in 1974

1981 Nov. 6 3.2 Jacksonville Minor damage

1982 Mar. 28 3.0 South Texas

1983 July 23 3.4 Fashing Gasoline plant shut down

1984 Mar. 3 3.9 Pleasanton Slight damage, aftershocks

1993 April 9 4.3 Fashing Slight damage, aftershocks

1994 Sept. 27 2.5 SW of San Antonio Not felt?

Historic Earthquakes in Central Texas
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Slide 36I said before that most geologists consider the Balcones Fault Zone to be dead, because no one has found evidence of geologically young material that is cut by the fault.  I wonder about that conclusion.  This map shows historic earthquakes in Texas.  None of the historic earthquakes in central Texas were very large (the largest had a magnitude of 4.3 near Fashing in 1993).  However, notice how many of the earthquakes line up along the trend of the Balcones Fault Zone.  This might indicate activity of the fault zone at depth.  If it makes fellow Austinites feel better, my house is very near the Mount Bonnell Fault in south Austin.  I’m not worried.  Credits:  Diagram modified from Davis, S.D., Pennington, W.D., and Carlson, S.M., 1989, A Compendium of Earthquake Activity in Texas: Bureau of Economic Geology, University of Texas, Geological Circular 89-3.  



Magnitude Earthquake Losses Comments

8.2 1994 Bolivia Minimal Felt in Toronto !

7.5 1992 Landers $0.1 billion Largest CA quake in 40 yrs

7.1 1989 Loma Prieta   $6 billion During World Series

6.6 1994 Northridge     $30 billion Where I grew up

Earthquake Magnitude and Damage
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Slide 37This table provides information on the earthquakes in central Texas shown in the previous map.  The largest of the historic earthquakes in central Texas is the Fashing earthquake of 1993.  Also see the web site for the UT Institute for Geophysics (below).  Credits:  Table compiled from Davis, S,D., Pennington, W.D., and Carlson, S.M., 1989, A Compendium of Earthquake Activity in Texas: Bureau of Economic Geology, University of Texas, Geological Circular 89-3. Web address:  http://www.ig.utexas.edu/research/projects/eq/index.html



It’s often said that earthquakes don’t kill
people, our buildings do !

- Shaking
- Ground failure (landslides, liquefaction)
- Fire
- Tsunami (seismic sea waves)

Destructive Effects of 
Earthquakes
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Slide 38What gets most people’s attention concerning earthquakes is the damage they produce.  This table gives the magnitudes of several recent earthquakes and the amount of property loss they caused.  What kinds of earthquakes are the most damaging?  This is a trick question, because the table might make you think that small earthquakes are worse than large ones.  In general the reverse is true, of course.  However, things other than earthquake magnitude are extremely important in terms of the damage and loss of life they cause.  An earthquake in the sparsely populated desert (1992 Landers) will cause less loss of property than a somewhat smaller earthquake in the middle of a densely populated city (1994 Northridge).  In addition, the kind of construction and the character of the material beneath our buildings are important.  



Variation in amplitude
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Slide 39Let’s start off by considering how earthquakes affect us.  Few people are ever directly injured by an earthquake per se.  Usually it is our buildings that are damaged and that hurt us by falling.  Earthquakes don’t kill people, our buildings do!  There are four main ways that earthquakes hurt us and damage our property:  shaking, ground failure, fire, and tsunami (seismic sea waves).  



Nuclear explosion
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Slide 40Shaking is a complicated phenomenon.  The kind of shaking experienced is strongly dependent on the characteristics of the substrate below us.  Seismic waves are changed by near-surface material.  Poorly consolidated and water saturated material causes enhanced seismic wave amplitudes (shaking) at the frequencies to which our buildings, bridges, and dams respond most readily.  In contrast, buildings on bedrock undergo much less significant shaking.  Credits:  Diagram modified from Monroe, J.S., and Wicander, R., 1997, The Changing Earth: Wadsworth Publishing Company.  



Kitchen damage
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Slide 41For example, here are seismic traces measured in different kinds of materials.  The size of the squiggles indicates how strong the shaking is.  Would you rather have a house on bedrock, alluvium, or bay mud?  Credits:  Diagram modified from Borcherdt, R.D. (editor), 1975, Studies for seismic zonations of the San Francisco Bay region: U.S. Geological Survey Professional Paper 941-A.  



Cinder block wall
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Presentation Notes
Slide 42The kind of construction also is important.  During a major earthquake, objects that are not firmly attached to the ground (or to something else that is) can be thrown violently.  This is what someone’s kitchen looked like after the magnitude 6.6 earthquake in 1994 at Northridge, California.  It reminds me a little of my son’s bedroom.  Credits:  Photo of residential kitchen in Northridge, California after the 1994 earthquake by Samantha Goldfarb.



Brick chimney damage
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Slide 43This cinder block wall was attached to the ground, but bricks, cement, adobe and the like are not very flexible.  Rather than swaying with the waves as wood or metal would do, they break.  To make matters worse, they are very heavy and can crush you if you are below when they fall.  Credits:  Photo of damaged cinder block wall near Northridge, California after the 1994 earthquake by Ken Fowler.



Apartment building damage
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Slide 44This wood-frame house rode out the 1994 Northridge earthquake okay, but the brick chimney fell into the front yard.  My parents weren’t as lucky: their chimney fell into the house and landed in the living room.  Credits:  Photo of fallen brick chimney at a residence near Northridge, California after the 1994 earthquake by Gregory Davis.



Apartment building damage
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Slide 45Another kind of shortcoming is structures that have a ‘soft’ lower level.  This apartment building is in pretty good shape, considering that it fell one story down.  The residential levels were well built, but the parking garage on the ground level (connecting the residential levels to the ground) was weak and collapsed.  Credits:  Photo of apartment building fallen off of foundation near Northridge, California after the 1994 earthquake by Gregory Davis.



Bridge collapse

Presenter
Presentation Notes
Slide 46This is another view of the same collapsed apartment building.  Credits:  Photo of car crushed beneath fallen apartment building near Northridge, California after the 1994 earthquake by Gregory Davis.



Bridge column damage

Presenter
Presentation Notes
Slide 47Freeways also can have similar problems.  In this case, the support column for the freeway overpass was left standing but the bridge segments fell off.  One of the reasons that the support column withstood the shaking is it was made of concrete that was reinforced with more flexible steel.  Credits:  Aerial photo of collapsed freeway interchange near Northridge, California after the 1994 earthquake by Kerry Sieh.



Parking structure damage
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Presentation Notes
Slide 48This freeway support column (different freeway) was destroyed, but notice that it did not fail completely.  The steel rebar reinforcement kept the entire structure from collapsing.  The freeway overpass was a total loss, but someone driving under the bridge would not have been crushed.  Credits:  Photo of buckled freeway support column near Northridge, California after the 1994 earthquake by Ta-Liang Teng.



High-rise Building damage
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Slide 49This parking structure was a total loss, but again the steel reinforcement prevented it from complete collapse.  One man was inside when it fell;  he survived.  Credits:  Photo of collapsed parking structure on campus of California State University, Northridge, California after the 1994 earthquake by Ken Fowler.



Hospital damage - Mexico City
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Slide 50Shaking also tends to increase upwards in buildings.  This art deco building in Hollywood survived, but the crown on top was dislodged.  My brother was high in a skyscraper during the 1989 Loma Prieta earthquake outside of San Francisco, California.  The surprising thing about the fact that he felt the earthquake is that he was in Los Angeles at the time!  People on the ground in Los Angeles did not feel the earthquake.  Credits:  Photo of toppled crown on top of a 1920 building in Hollywood, California after the 1994 Northridge earthquake in by Ken Fowler.



Landslide-Montana
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Slide 51All structures resonate at a natural frequency.  This is a frequency at which shaking adds up rather than canceling out through the time shaking occurs.  It is very bad for a structure to have a natural frequency that closely matches that of its substrate.  The 1985 earthquake (magnitude 8.1) that produced terrible damage in Mexico City occurred hundreds of kilometers south of the city, but the substrate in part of the city shook at the natural frequency of 10 to 20 story buildings, which failed catastrophically.  This one was a hospital.  Each ‘layer’ in this photo was the floor for a level in the building, and they all pancaked.  Credits:  Photo of collapsed hospital in Mexico City, Mexico after the 1985 earthquake by Frank Hanna.



Liquefaction- California
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Slide 52Shaking can also lead to ground failure, commonly in the form of landslides.  This landslide was triggered by the 1959 Hebgen Lake, Montana earthquake (magnitude 7.5).  It collapsed onto a campground along the Madison River below, killing many people.  In this case, the landslide made a natural dam and formed Quake Lake upstream.  Credits:  Photo of landslide near Hebgen Lake, Montana resulting from the 1959 earthquake by Randall Marrett.



Liquefaction - Alaska
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Slide 53Liquefaction is another type of ground failure in which granular material (ordinarily a solid) flows like a fluid.  Liquefaction can occur due to shaking of unconsolidated material that is also saturated with water.  This produces a slurry of water and sand or mud that can erupt in the form of a sand blow or mud volcano.  This one was caused by the magnitude 7.1 Loma Prieta earthquake outside of San Francisco in 1989 (during the World Series).  Credits:  Photo of sand blow due to liquefaction at Moss Landing, California after the 1989 Loma Prieta earthquake by Dan Orange.



Liquefaction - Alaska
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Slide 54Liquefaction can result in ground failure beneath buildings, such as in this neighborhood of Anchorage, Alaska after the magnitude 9.2 earthquake in 1964.  The snow-covered ground highlights the borders of failure zones, which expose dark soil.  Credits:  Photo of disrupted ground due to liquefaction in an Anchorage, Alaska neighborhood after the 1964 earthquake by U.S. Geological Survey.



Liquefaction - Japan
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Slide 55One neighborhood looked like this after the 1964 Anchorage, Alaska earthquake, due to wholesale liquefaction of the ground below.  Credits:  Photo of damaged houses due to ground failure from liquefaction in an Anchorage, Alaska neighborhood after the 1964 earthquake by NOAA/NGDC.



Fire damage
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Slide 56These apartment buildings in Niigata, Japan held up better than the ground beneath them during an earthquake in 1964.  Liquefaction resulted in the buildings sinking into the liquefied ground and keeling over.  Credits:  Photo of tilted but intact apartment buildings due to liquefaction in Niigata, Japan after the 1964 earthquake by NOAA/NGDC.



San Francisco - 1906
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Slide 57Another major cause of indirect damage due to earthquakes is fire.  Underground gas and water lines often break (often constructed of brittle material).  Escaping gas can feed fires, and the lack of functional water mains prevents extinguishing the fires.  90% of the losses in San Francisco after the magnitude 8.3 earthquake in 1906 were caused by the fires that raged for days.  Credits:  Photo of San Francisco, California in flames five hours after the 1906 earthquake by NOAA/NGDC.



Fire damage - Japan
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Slide 58This is what San Francisco looked like a month after the magnitude 8.3 earthquake in 1906.  Areas with predominantly wooden structures were burned to the ground.  Credits:  Photo of San Francisco, California one month after the 1906 earthquake by NOAA/NGDC.



Must specify where, when, how big, what Probability

Predictions (short-term) vs forecasts (long-term)

Instrumental record is 35-100 years long, but
“seismic cycle” is 100s to 10,000s of years long

Predicting earthquakes is like trying to predict the
climate based on observing the weather for a
few minutes

Earthquake Prediction
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Slide 59Fire was also a major cause of damage and loss of life in Kobe, Japan after the magnitude 6.9 earthquake in 1995.  Credits:  Photo of Kobe, Japan in flames shortly after the 1995 earthquake, photographer unknown.



•Earthquakes are not periodic, so short-term
prediction must use precursory effects

•To learn what precursory phenomena are, we
must study what happens on a fault BEFORE
an earthquake occurs

•So to learn how to predict earthquakes, we
have to start by predicting an earthquake !

•Enter Parkfield, CA: magnitude 6 earthquakes
in 1857, 1881, 1901, 1922, 1934, 1966

Catch-22
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Slide 60No one would like to be able to predict earthquakes more than geologists.  However, we are a long way from accomplishing that goal, and some scientists think that it will be impossible.  In principle, a useful prediction needs to specify where, when, how big, and what probability a future earthquake will have.  One approach is to study individual faults (e.g., San Andreas Fault) and closely monitor their behavior for signs of impending slip; this is a short-term prediction.  An alternative approach is a long-term forecast based on statistical data.  The former is like predicting what the weather will be like tomorrow, and the latter is like determining the (average) climate over the course of centuries.  The fundamental problem of earthquake prediction is that the ‘earthquake cycle’ is centuries to hundreds of millennia long, but we have instrumental data only for earthquakes during the past few decades to a century.  This makes long-term forecasting of earthquakes like trying to predict the climate based on observing the weather for a few minutes.  You wouldn’t know about storms, daily cycles, or seasons, let alone El Niño or glacial periods.  



Parkfield cafe
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Slide 61Short-term earthquake prediction is hampered by a catch-22.  Earthquakes are not really periodic, so short-term predictions will have to rely on observing precursory effects: things that happen near a fault right before it slips and makes an earthquake.  However, in order to figure out what the precursory phenomena are, we must study what happens on a fault before an earthquake occurs.  So to learn how to predict earthquakes, step one is to predict an earthquake so we can watch what happens beforehand.  Enter Parkfield:  In the early 1980s, geologists recognized that the short segment of the San Andreas Fault that runs through the town of Parkfield had generated magnitude 6 earthquakes in 1857, 1881, 1901, 1922, 1934, and 1966.  This averaged 22 years +/– 6 years, so a prediction was made that another earthquake would occur between 1982 and 1994.  A tremendous effort went into deploying every conceivable type of instrument in the area, so that they could watch what happens before the impending earthquake.  



•Instrumental record - seismographs (100 years)

•Historical records - written documents (1000’s of years)

•Paleoseismology - prehistoric earthquakes from
geological evidence (100,000’s of years) 

- Trenches dug across faults
- Deposits from catastrophic events
- Isotopic dating to determine age

Long-Term Forecasts
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Slide 62No earthquake has happened yet, so it is now 6 years ‘overdue.’  But the people of Parkfield take it all in good humor.  They all want to “be here when it happens.”Credits:  Photo of author at the Parkfield Cafe by George Marrett.



Wallace creek
Wallace Creek
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Slide 63Another alternative is to extend the instrumental record of earthquakes (from seismographs) farther back in time using historical records and the geologic record.  The longer time period represented by this approach may make at least long-term forecasting more feasible.  Historical records of earthquakes are written documents describing events that occurred prior to the use of seismographs.  Such records do not go far back in time for most of the U.S., but other regions such as China and Japan have historical records dating back for thousands of years.  Paleoseismology can be used to study prehistoric earthquakes that were recorded geologically.  This can be accomplished by studying natural landforms (such as fault scarps) and by digging trenches across active faults.  Analysis of deposits associated with a catastrophic event like an earthquake can determine how much slip occurred in prehistoric events, and isotopic dating can be used to determine when the event happened.  



Trench dug across fault
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Slide 64This classic locality along the San Andreas Fault was one the first places where paleoseismology was successfully used.  The arroyo that descends from the top of this photo, known as Wallace Creek, has been offset more than 100 meters by numerous earthquakes.  Isotopic dating of material deposited in the arroyo determined how long it took the fault to offset the arroyo this far.  Credits:  Aerial photo of offset arroyo (Wallace Creek) along the San Andreas Fault at the Carrizo Plain, California by Randall Marrett.



Aerial photo - LA and Santa 
Monica
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Slide 65This photo shows an example of a trench excavated across an active fault, in this case the Wasatch Fault near Salt Lake City, Utah to study deposits associated with prehistoric earthquakes in the region.  Credits:  Photo of trench through the Wasatch Fault near Salt Lake City, Utah by The Wasatch Fault, Utah Geologic Survey, Public Information Series, 1996.



Seismic risk map for the US
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Slide 66Paleoseismology is difficult to practice in some areas due to the degree of urban development, which tends to disturb deposits near the Earth’s surface or cover them with buildings and roads.  Recent work in such an area, shown in this photo, suggests that the fault separating downtown Los Angeles (left side of the photo) from the Santa Monica Mountains (right side of the photo) is capable of generating earthquakes larger than the 1994 Northridge earthquake.  Dodger Stadium is in the center foreground.  Because of the intensive development along this fault, such a quake would probably be a huge disaster.  Credits:  Aerial photo of downtown Los Angeles and the Santa Monica Mountains, California by Randall Marrett.  



Southern California Earthquake Center
• http://www.scec.org/outreach/index.html

US Geological Survey Seismolinks 
• http://www-socal.wr.usgs.gov/seismolinks.html

National Earthquake Information Center
• http://quake.wr.usgs.gov/

UT Institute for Geophysics
• http://www.ig.utexas.edu/

Educational Resources
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Slide 67On a more pleasant note, this map suggests that most of Texas has lower seismic hazard than almost anywhere else in the U.S.  The map is based on historic records of seismic damage, so it does not guarantee that central Texas will never have a significant earthquake.  But it does mean, to the extent that the past is indicative of the future, central Texas is safer than almost anywhere else in the country.  Credits:  U.S. Coast and Geodetic Survey.  

http://www.scec.org/outreach/index.html
http://www-socal.wr.usgs.gov/seismolinks.html
http://quake.wr.usgs.gov/
http://www.ig.utexas.edu/


Dr. Randall Marrett
Randy Marrett has degrees in Geology from the University of California at 
Santa Cruz (B.S.) and Cornell University (Ph.D.). He joined the faculty at 
UT in 1994after working for several years in industry, and teaches a 
variety of classes in Structural Geology, Field Geology and 
Physical Geology. In 1999 he received the Knebel Distinguished Teaching 
Award and in 1998 he was awarded a Big XII Faculty Fellowship for 
research. He has published numerous scientific articles and won a variety 
of research grants. His research on active deformation and mountain 
building is largely based on field work in the Andes of Argentina and 
Chile, the Sierra Madre of Mexico, and the Rocky Mountains of the U.S. 
and Canada.
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Slide 68These are good links to get educational information on earthquakes on the internet:Southern California Earthquake Center• http://www.scec.org/outreach/index.htmlU.S. Geological Survey Seismolinks • http://www-socal.wr.usgs.gov/seismolinks.htmlNational Earthquake Information Center• http://quake.wr.usgs.gov/UT Institute for Geophysics• http://www.ig.utexas.edu/
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