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Earthquake Focal Mechanisms

GOAL:  an understanding of how friction and elasticity conspire to control earthquake first motions and that the resulting focal mechanisms provide important information about how active strain is accommodated in the crust.

NEED TO KNOW:  how to visualize in 3-D using stereonets

APPROACH:  review two concepts from prior lectures/labs,

1
Friction

2
Elasticity

and add the concepts of:

3
Seismic First Motions

4
Earthquake Locations

NOTES:

I.
Friction

The measure of resistance to sliding along a surface.  (See Scholz, The Mechanics of Earthquakes and Faulting, 1990, Cambridge University Press.)

The adhesion theory of friction (Bowden & Tabor, 1950s):

N = pAr  


eqn. 1

where, N = normal load, p is the penetration hardness, a measure of the strength of the material, and Ar is the sum of all of the contact areas between the surfaces.

To shear through the junctions created by contact areas the frictional force, F would be:

F = sAr 


eqn. 2

where, s is the shear strength of the material.

Combining equations 1 and 2:

f = F/N = s/p

eqn. 3

where f is the coefficient of sliding friction.

Another way to think about this is:

sn
where s is the shear stress required to activate sliding and n is the normal stress acting on the surface.

Real values are much greater.  Why?

More physical work is needed:

1
asperities plow through the adjacent rock

2
Ar probably increases with shearing

3
eqn. 1 essentially assumes that surfaces yield plastically, which is probably not correct, elastic properties probably dominate

BUT, this theory captures the physical essence of friction.  

Tangible examples: 

1
slide a cinder block down a hill on pavement

2
do the same, but with someone standing on it
II.
Elasticity

Deformation is elastic when it is recoverable.

Simplest case is linear elasticity:

n = En
normal stress is proportional to the amount of extension, E = Young’s modulus, or

s = 2s
[image: image1.wmf]shear stress is proportional to the amount of shear strain,  = shear modulus or the modulus of rigidity.
III.
Seismic First Motions

“The polarity or direction of the first-arriving seismic energy (P wave).”  

The following diagram emphasizes that the N-S slinky stretches very little so that at failure, very little strain is recovered in this direction.  This can be used to explain the four-leaf pattern of energy radiation associated with a double couple (e.g., Fig. 4.18b, Fowler, The Solid Earth- An Introduction to Global Geophysics, 1990, Cambridge University Press.)

[image: image2.wmf]In-class activities

1.  Blindfolded students feel first motions using a slinky.

2.  Students assigned to A and B hold a slinky as we walk through this process via the above sketch on the board OR with students at corners of “human apices” as shown above.  Emphasize first motions in 2-D.

IV.
Earthquake Locations

Earthquake locations depend on an understanding of the velocity at which seismic P (compressional) and S (shear) waves move through the crust.  The delay between the detection of the first-arriving P and the later-arriving S waves at individual seismic stations, along with knowledge of responses from other seismic stations, can be used to locate earthquake foci.  

OVERHEAD 1:  Example of 2-D earthquake triangulation.

OVERHEAD 2:  In 3-D we can take this approach further by considering two things, (1) the azimuth from which the P wave energy arrives at a given station, and (2) the angle relative to vertical from which the compressional energy leaves the earthquake focus, referred to as the take-off angle.  The latter is commonly a lookup parameter based on a model of the seismic velocity of the Earth and the distance between the seismic station and the earthquake focus.  

OVERHEADS 3 and 4:  Using a stereonet as a base layer, overlay the data plots one at a time (without the nets that they are plotted on in the file).  Rotate the data about the center point until the students are able to find the planes that separate the dilational from the compressional first motions.  The nodal planes are 90° from one another.  Color in the field(s) with the compressional first motions.  Although this quadrant represents the volume of crust that experienced compressional first motions, it contains the axis of maximum instantaneous stretching for the given earthquake (i.e., the T axis).  This important point can be confusing so this is a good time to refer back to the block cartoon above.   

A focal mechanism in lower hemisphere equal area projection tells us about:

1
energy radiation patterns

2
potential failure planes

Additional observations are needed in order to establish which of the two nodal planes actually failed during the earthquake.  If we’re lucky a fault scarp forms in an isolated region so that no injuries or damage result.  Such a scarp might be approximately parallel to the nodal plane that ruptured.  Geodetic observations showing short-term surface velocities, and/or clusters of well-located aftershocks might also elucidate which nodal plane failed.  

OVERHEAD 5: Generic US west coast focal mechanism examples (Real examples can be obtained from online sources and these might be used for follow-up exercises.)
