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Moment tensor inversion - P and S waves

UP = A

[
sin2(ξ)

(
cos2(ψ)m11 + sin2(ψ)m22 + sin(2ψ)m12

)
+ cos2(ξ)m33 + sin(2ξ)(cos(ψ)m13 + sin(ψ)m23

)]
USV = B

[
1
2 sin(2ξ)

(
cos2(ψ)m11 + sin2(ψ)m22 −m33 + sin(2ψ)m12

)
+cos(2ξ)

(
cos(ψ)m13 + sin(ψ)m23

)]
USH = B

[
sin(ξ)

(
1
2 sin(2ξ)− 1

2 sin(2ψ)m11 + cos(2ψ)m12

)
cos(ξ)(cos(ψ)m23 − sin(ψ)m13)

]
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Moment tensor inversion

M = (m11,m12,m13,m22,m23,m33)

UPi = GijMj

F Direct inversion
M = (GTG+ λCTC)−1UP

obs

F Waveform fitting

||UPobs(t)− UPsynth(M)|| = min =⇒Mest

F Other (surface waves, etc)
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Source inversion - synchronous source
Source inversion can comprise

á Nm=4 Hypocenter location x, y, z, to

á Nm=6 Moment tensor m11,m12, . . .

á Nm=1 Fault plane solution γDCij = esie
n
j + esje

n
j

á Nm=(∞) Source time function S(t) = ∆u̇/uo

á Nm=1 Source rise time Tr

un(xr, t) =

∞∫
−∞

mij(t
′) Gni,j(xs, t

′;xr, t)dt
′

debski@igf.edu.pl: SP7- 3 IGF PAN, 30.11.2015



An introduction to Physics of Seismic Sources SP-7: From point-like to extended source

Centroid moment tensors

Point source - where is it?

F hypocenter - locate by e.g. arrival times - the point of rupture initiating

F centroid solution - the centroid of temporal and spatial moment tensor distribution

For idealized, shear dislocation

xCj = 1
Mo

∫
S

xjµ∆u̇dS = 1
Mo

∫
S

xjṁdS

tC = 1
Mo

t∫
0

dτ
∫
S

µτ∆u̇dS

Centroid solution - geometric “gravity center” of fault surface
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Higher order moment tensors

ui =

∞∫
−∞

dt′
∫
Vo

Fi(ξ, t
′)Gni(ξ, t

′;xs, t)dVξ

Taylor expansion for “point-like source” (λ >> L2/r)

Gik(ξn) = Gik(0) + ξj
∂Gik
ξj

+
1

2
ξjξnGik,jn +O(ξ3)

ui =

∞∫
−∞

dt′
∫
Vo

(
ξjFkGik,j +

1

2
ξkξlFjGij,kl

)
dVξ
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Higher order moment tensors

Mij = ξiFj; Mij,k ∼ ξkMij

ui =
∂Gij
∂ξk

? Mjk +
∂2Gij
∂ξl∂ξk

?
∂Mjk

∂ξl

Assuming synchroneous source

mij(t,x) = γijM(t,x)

Applying Taylor expansion for time variable (Doormbos 1982, Dahm and
Kruger, 1999)
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Higher order moment tensors

ui =
[
Gij,k −∆τĠij,k + ∆ξlĠij,kl + 1

2∆(τ2)G̈ij,k

−∆(τξl)G̈ij,kl + 1
2∆(ξlξm)G̈ij,klm

]
Mij

∆τ = 〈τ − τo〉 ∆(τ2) = 〈(τ − τo)(τ − τo)〉, τo − origin time

For centroid location

ui =
[
Gij,k −

1

2
∆(τ2)G̈ij,k −∆(τξl)G̈ij,kl +

1

2
∆(ξlξm)G̈ij,klm

]
Mij
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