| Exercise EX 3.5]

Topic Moment-tensor deter mination and decomposition

Authors Frank KrigeRotsdam University, Institute of Geosciences, 143dtsdam,
E-mail: kruegerf@qgeo.uni-potsdam.de

Gunter Bocky (formerly GeoForschungsZentrum Potsdam, Germany)

Version August 2000

1 Aim

The tasks in this exercise are aimed at makingnyote familiar with the use and meaning of
the basic equations and matrix formalisms in seismioment-tensor presentation and
decomposition.

2 Formulae used

The following formulae are used:

dy(x, t) = Mg [G;j (x,&,1)(5 ()] 1)

which is identical with Eq. (3.70) in Chapter 3thvils (x, t) - ground displacement at position
x and timet. (1) simplifies tods (X, t) = MyGs; (t) if the source-time function $)(= &(t) is a
needle (spike) impulse.

Mig = A{/AVi S &g + 1 (Vs +Vj S} 2

which describes the seismic moment tensor for amagic medium in the most general way
with A - elastic Lamé-parametaqr,- shear modulush — area of fault ruptures - slip vector
on the fault and - normal to the fault plane. Note that the scasmic momeni, = 4 A

Is|. The term ks +v;s) forms a tensor D describing a double-couple sourcease of an
explosion it is zero. And the equations:

Myx = - Mo(Sind cos\ sin2p + sind sin\ sirfe)

Myy = Mo(Sind cos\ cos2p + 0.5 sind sim sinAp)

Myz = - Mg(CO®d co3\ cosp + €0SD Sin\ sing) 3)
= My(Sind cos\ sin2p - sind sink cogg)

My, = - Mo(COD COS\ sing - cosd Sin\ cosp).

Mz, = Mg SIND SinA

<
<
[

with @ - strike direction an@d - dip angle of the rupture plane, ahd slip direction (rake
angle).
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3 Tasks

Task 1:

By using Equations (2) and (3) above, respectivédtermine the Cartesian moment tensors
for:

a) an underground nuclear explosion;

b) a double-couple focal mechanism with strike 0°, dipd = 90°, and raka& = 0°;

c) adouble-couple focal mechanism with  ¢@=0°, & =45° and A =90°;

d) adouble-couple focal mechanism with  ¢@=0°, &=90°and A =90°.

Task 2:
Determine the moment tensor for a tension cra¢kerdirection normal to the fault plane in a
homogenous isotropic medium. Use Equation (2) efetkercise.
Task 3:
The relation Equation (3) between moment tensorpardmeters of a shear dislocation can
be expressed as a weighted sum of 4 elementary maeresors:

M = co® cos\ M; + sim cos\ M, — cosd silA M3 + Sind sinA Mg,

Derive the elements oM;, My, M3, and M4 and discuss the shear dislocations that are
represented by the elementary moment tensors.

4 Solutions

Task 1:

b) M

Mo|1 0 O
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Task 2:
M =
(N +2u)s,
Task 3:
0 0 —Ccosp
M, =M, O 0 —-sing | - 6=0° A =0°, i.e., horizontal slip on horizontal fault
—-cosp -sing 0
-sin2¢g cox2¢ O
M, =M, cos2¢ sin2¢ O - 0=90° A =0° i.e., strike slip on vertical fault
0 0O O
0 0 sing
M;,=M, O 0 —-cosp| - 0=90° A =90° i.e., dip slip on a vertical fault

sing -cosp 0

—-sin2g %sin2¢ 0

%sianp -cosp O
0

0 1

- 0=45 A =90° i.e. dip slip on a 45°dipping fault.
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