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1  Aim 
 
The tasks in this exercise are aimed at making you more familiar with the use and meaning of 
the basic equations and matrix formalisms in seismic moment-tensor presentation and 
decomposition. 
 
 
2  Formulae used 
 
The following formulae are used: 
 

ds(x, t) = Mkj [Gsk,j (x,ξ,t)∗s (t)]          (1) 
 
which is identical with Eq. (3.70) in Chapter 3, with ds (x, t) - ground displacement at position 
x and time t. (1) simplifies to ds (x, t) = MkjGsk,j (t) if the source-time function s (t) = δ(t) is a 
needle (spike) impulse. 
 

Mkj = A{Λνi si δkj + µ (νk sj +νj sk)}         (2) 
 
which describes the seismic moment tensor for an isotropic medium in the most general way 
with  Λ - elastic Lamé-parameter, µ - shear modulus, A – area of fault rupture, s - slip vector 
on the fault and ν - normal to the fault plane. Note that the scalar seismic moment Mo = µ A 
|s|. The term (νk sj +νj sk)  forms a tensor D describing a double-couple source. In case of an 
explosion it is zero. And the equations: 
 

Mxx = - Mo(sinδ cosλ sin2φ  +  sin2δ sinλ sin2φ) 

Mxy =   Mo(sinδ cosλ cos2φ  +  0.5 sin2δ sinλ sin2φ) 

            Mxz = - Mo(cosδ  cosλ cosφ  +  cos2δ sinλ sinφ)       (3) 

Myy =   Mo(sinδ cosλ sin2φ  -  sin2δ sinλ cos2φ) 

Myz = - Mo(cosδ cosλ sinφ  -  cos2δ sinλ cosφ). 

Mzz =   Mo sin2δ sinλ  

with φ - strike direction and δ - dip angle of the rupture plane, and λ - slip direction (rake 
angle). 
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3  Tasks 
 
Task 1: 
By using Equations (2) and (3) above, respectively, determine the Cartesian moment tensors 
for: 
a) an underground nuclear explosion; 
b) a double-couple focal mechanism with strike φ = 0°, dip δ = 90°, and rake λ = 0°; 
c) a double-couple focal mechanism with          φ = 0°,    δ = 45°, and         λ = 90°; 
d) a double-couple focal mechanism with           φ = 0°,       δ = 90°, and         λ = 90°.  
 
 
Task 2: 
Determine the moment tensor for a tension crack in the direction normal to the fault plane in a 
homogenous isotropic medium. Use Equation (2) of the exercise. 
 
Task 3: 
The relation Equation (3) between moment tensor and parameters of a shear dislocation can 
be expressed as a weighted sum of 4 elementary moment tensors: 
 

M = cosδ cosλ M1 + sinδ cosλ M2 – cos2δ sinλ M3 + sin2δ sinλ M4. 
 
Derive the elements of M1, M2, M3, and M4 and discuss the shear dislocations that are 
represented by the elementary moment tensors. 
 
 
4  Solutions 
 
Task 1: 

   a) M = M0  
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   b) M = M0  
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   c) M = M0  
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   d) M = M0  
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Task 2: 

    M =  
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Task 3: 
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MM → δ = 0°; λ = 0°, i.e., horizontal slip on horizontal fault 

 















−
=

000

02sin2cos

02cos2sin

02 φφ
φφ

MM  → δ = 90°; λ = 0°, i.e., strike slip on vertical fault 
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MM  → δ = 90°; λ =90°, i.e., dip slip on a vertical fault 
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MM  → δ = 45°; λ = 90°, i.e. dip slip on a 45°dipping fault. 
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