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

Moment tensor inversion - P and S waves
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UfF = A [sm2(g) (cos®()m11 + sin®(y)maz + sin(2y)mi2)
+ cos?(&)mss + sin(2€) (cos()m 5 + sin(w)mzs)]

G = [% sin(2€) ( cos®(3p)mi1 + sin®(Y)maz — mas + sin(29)ma»)
+cos(2¢) (cos(vh)myz + sin(w)mzs)]

USH = B [sin(g) (% sin(2€) — 5sin(2¢)m + cos(2¢)m12)
cos(€)cos(w) s — sn) )|
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An introduction to Physics of Seismic Sources SP-7: From point-like to extended source

Moment tensor inversion

U = GY M

4 Direct inversion
M = (GT'G+  xCPO)~ U,

obs

4 Waveform fitting

|UE () — UE_. (M)|| = min —> M®st

obs synth

4 Other (surface waves, etc)
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An introduction to Physics of Seismic Sources SP-7: From point-like to extended source

Source inversion - synchronous source

Source inversion can comprise

= Nm=4 Hypocenter location x,vy,z,t,
= Nm=6 Moment tensor TP 1
= Nm=I Fault plane solution ~ ~77¢ = e’e’ 4 e’e”
= Nm=(co) Source time function S(t) = Au/u,
= Nm=1] Source rise time L
U (T, T / T Rt T Ak il
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An introduction to Physics of Seismic Sources SP-7: From point-like to extended source

Centroid moment tensors

Point source - where 1s it?

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

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

For i1dealized, shear dislocation

xjc = A}O:qij,uAudS = Miongmds
t
A = A}Obdeg,uTAudS

Centroid solution - geometric “gravity center’” of fault surface
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An introduction to Physics of Seismic Sources SP-7: From point-like to extended source

Higher order moment tensors

0

7 /dt//Fz(gat,)an(é-?tlaajsat)d‘/ﬁ

— 0 VO

Taylor expansion for “point-like source” (A >> L?/r)

0G;
Gik(&n) = Gie(0) + ijk s %fjfnGz'k,jn +0(¢&%)
j

T 1
Vi /dt’/(ijkGik,j+§§k§leGz‘j,kz> dVe
— 00 Vo
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An introduction to Physics of Seismic Sources

SP-7: From point-like to extended source

Higher order moment tensors

M;; = & F;; M;j g ~ § M

8Gij 82G@-j 6Mjk

U;

* Mjk

S e b

Assuming synchroneous source

mi;(t,x) = vi; M (¢, %)

Applying Taylor expansion for time variable (Doormbos
Kruger, 1999)

1982, Dahm and
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An introduction to Physics of Seismic Sources SP-7: From point-like to extended source

Higher order moment tensors

= [Gz‘j,k — ATGijn + AGGj 0 + A1) Gk
—A(T&)Giju + %A(flfm)éij,klm} M

AT = (T — T,) T T R e . o a1

For centroid location

1 2 : i 5
i [Gz’j,k - §A(72)Gij,k = NGl [ ek §A(€l§m)Gij,klm M;;
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