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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Forward and inverse source problems

4 T

un(x,t) = /dt/fz Gde’Jr/dt/kal A’LLZ Gnk,mde’Jr/dt’/GmTidS’
Vo i pY )Y

Two different way of using the equation

4 Forward problem - calculation of seismogram (displacement field) for assumed fault
condition

4 Inverse problem - estimation source parameters (fault condition) from observed
seismograms. Having estimated (Aw;, 1;) over X one can examine different physical
models of source processes.
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Equivalent forces
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Point source approximation

ol St /dt/E;Gm- dv’
S

where F; are designed to reproduce the observed
seismograms.

Let assume that V/, 1s small:
e AT aEE R G

s R, (L << A)
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Point source approximation

U a1 YT F OOt 1 Gl

Vo—0
Vo
0, Bl / Gi(xs — x,t — t') Fi(t") dt’

F;(t) - equivalent (virtual) single force
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Equivalent forces: basic facts

4 total forces vanish (no fault displacement)

4 total force momentum - vanish (no fault rotation)
4 finite duration

4 natural earthquakes: fault shearing process

4 mining induced events - change of source volume

4 fault branching
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An introduction to Physics of Seismic Sources

SP-4: Equivalent source model.

Force systems

single force SF -
linear dipol LD - .
single couple SC s :
double couple DC

(shear fracture)

compensated LD CLVD
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Displacement due to a force couple
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0 A il / Gip(xs — x,t — t') F(t') dt’
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Displacement due to a force couple (SC, DC)

Ve (77 1) — || = (r e DR S SRR
Mt

where M (t) is time dependent force moment [N m]

Similar for double-couple (DC)

0G,1 (t — t/)
oxs

J

dt’

LX u?C(th): /M(t/)(€k€j+€j€k)
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An introduction to Physics of Seismic Sources

SP-4: Equivalent source model.

Displacement due to a linear dipole (LD)

U+

Ol

Y

0 A il / Gip(xs — x,t — t') F(t') dt’

s ou? i s Ou?
u;r:ufj—l—— . u, = —uy :
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Displacement due to a 2 perpendicular linear dipoles

\ / P - pressure direction
L / \ T - Tension axis

U?P(X,t) i / M(t/)(Tij i P]Pk)aG@k(t “r t/)

dt’
(933]'

P:\/Lﬁ(X—Y)
T=_(X+Y)

2=~ G N SRl
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Dislocation source model

e un(x, t) — fdthz Gde’
el
O fdthwkl Au; G n;dS'

e fdt’meTdS’
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Dislocation source

uix, f)

G = O RSO 0yt ) o)

Au = Aul
=S

un(X, t) — /dt'SAu [)\l : néij - ,U(lzn] -+ ljnz)Gm,])]
uJix

debski@igf.edu.pl: SP4- 12 IGF PAN, 9.11.2015



An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Shear fracture dislocation

If]1-n = 0 - pure shearing

un(X,t) = [ dt' pSAu(t) (g +1n)Gri;(t — 1)
M,(t)

otherwise the process with change of source volume
(contribution from terms 7 = j)
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Shear fracture vs. double couple (DC)

us (x,t) = / M, () (Ign; + Ling) G (t — t')dt’
S / M () ( XY + X,;Y5) G s (t — t)dt!
uf (%,t) = u < (x, 1)
provided

e B BRI e e R e S T
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Shear fracture source in an infinite medium

Reminder: the Green function:

r/p
Gy = 47r; Tg(S%-Wj Saiey /f T70(t — 7)dT

| aéﬂﬂﬁ(t —r/a)
75 (v — 0i;)0(t — 7/B)

Notation: r = ||x|| = /> x?
i
o . Ou 1 o (1 -
T i NN B e Sl
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Shear fracture source in an infinite medium

T/B
Gl = Flp{ (15%%'% O S = 7k5ij]> | 76(t — 7)dr

r/o
o 67757, — Yidjk — Vj0ik — Vkbig) 0(t — /)
- ot C sl s Oy ) e P =S
- {%%‘%‘% 6(t —r/a) - 55 (%iv; — 0i5) W e 7“/5)} }
for shearing process
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An introduction to Physics of Seismic Sources

SP-4: Equivalent source model.

Displacement due to DC force

uPC (x,t) = / M (") (ngl; + n;ly)Gik 4 (t — t')dt’

u; = 4—><
P
r/p
{ (BO’ywﬂkljnk el R wﬁnkli]) [ ™M, (t — 7)dr
r/a
iy WGyl sl et il A e GO
= 127935yl — 20958510 — ywnels) | Mo(t — /)

;" 27575 Vil Mo(t — 7/ )

— 3 2yl — iyl — nevels) Mo(t — 1/ 5)}
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

DC force - far field

uf = g2 | Zl) () Mo(t = 1/a)|

uf = 24 |5 (@ (nl) (rene) — ma(sly) — (nie)ls) ) Mot — 7/8)|

P — L (T,Ty, — P;Ps) viyive Mo(t — /o)
S e S R T e
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Far field radiation pattern

Radiation pattern: dependence of amplitude of displacement field on
observational direction for fixed source-receiver distance.

Y
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

P wave far field radiation pattern

ur(e) |p=0

u,; = K sin(20) sin(6) cos?(¢) P X5 T
u, = K/2sin(20) sin(0) sin(2¢) \ /
u, = K sin(20) cos(8) cos(¢)

X1
u, = K sin(20) cos(¢) n
Up — 0
Ugp = 0 / \

Mo (t—
where K = Z( i)
TPOOT
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

S wave far field radiation pattern

uy = —K' cos(f) [cos(26) — sin®(6) sin2(qb)}
u, = K’ cos(0) sin®(0) sin(2¢)
u, = K'cos(260) sin(6) cos(¢)

g =l
ug = K’ cos(260) cos(¢)
up = —K' cos(0) sin(¢)

= Mo(t_r/ﬁ)
where K’ = i
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Near field radiation pattern

the 1/r* term

r/B
1
A7 o 307 vkl — 6(Yidjk + v50ik + %57;7‘)} / TM,(t — 7)dr
r/a
for the same fault geometry (1- n =0, 1= (1,0,0))
u, = 6A cos(0) (5sin”(0) cos?(¢) — 1) for ¢ =10
u, = 15/2Asin(0) sin(20) sin(2¢) u, = 9A sin(26)
u, = 6Asin(0) cos(¢) (5cos?(0) — 1) ug = 6A cos(26)
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Near field radiation pattern

—
a "
LN
\ \
y ~—
2
el

No separation into fast (P-like) and slow (S-like) phases.
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An introduction to Physics of Seismic Sources

Intermediate field radiation pattern

SP-4: Equivalent source model.

the 1/r° term

- {12%%%13"% — 2(y;lm; — %nkli)} M,(t —r/a)

_r2_152 {12/7i7j’7kljnk o= 2(’yjljn7; = vknkli)} Mo(t B T/ﬁ)

ter/a, r/pB] t>r/p

u, = 2K sin(260) —3K'sin(20)
ug = K cos(20) —3 K’ cos(20)
KeMdp e
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Intermediate field radiation pattern

ria<t<r/p] SR
N = ”
ur
+ % 'ue
e =3 ~

Both intermediate displacements: traveling with a and 3 velocities have both
radial and azimuthal components
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Source time functions

o/
b L]

o O / PMo(t — T)dr + Mot — /v5) + SNt — 7/v)
T i

r4
r/o

Let us assume M, (t) = M H (t)
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An introduction to Physics of Seismic Sources SP-4: Equivalent source model.

Source time functions
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