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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Source Time Function (STF)

Source time function represents time dependence of seismic moment (slip)

uf = 2o | Zlls) (wrn) Mot — /)|
uf = o |5 (@wlvil) (rem) = () = (rami)le) ) Mot — /8)]

My(t) = M,S5(t)  My(t) = M,S(¢)
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Spectral properties of far field

Udias, Madariaga, Buforn:

Some of the most useful and universal properties of source time functions are
obtained in the spectral domain

S _70 F()e—itds ;

L) = %jfo F(w)e™tdw sk

Basic fact lim Mo(w) — M, obtained taking f(t) = Mo(t) in (%)

w—0
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Seismic energy density

Eipi = Er + Ep = guzuz s %Tijeij
In far field
Eror = puiu;
Energy:

E:p/dS/ (o sl B i )t

S

for point dislocation source

RpM,(t —1/c)

RsM,(t —r/B)

¥ =

47Tpoz37“ 477,0537“
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Seismic energy

I L= 2 e 2
o 167T2,027“2/(ERP+ER >dS/ | M, |~dt

S

1
A

e
E = ( —R2> / | M, |2dt
A p

Finite energy <= | M,|? is finite and has finite support

RZ — R2%(0, ¢) sin HdOd¢
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Seismic energy

Parseval’s theorem
©,@) 1 O
20— [ fe= [ )P
T
— 00 0

2T

f) = 5 [ wP@)ede

o0

1 2 70 2
FE = 47’(’[)( R2, + ER2>/UJ | M, (w)|“dw

0
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Seismic energy

Important: finite radiation energy requires fast decrease of M, (t):

: 1
‘MO(W) B =7

For “minimal” sources: Mo(w) =1/(1 + (w/w.)?)

1
E = R R2 M? w?
167p \ o 65 -

Here w,. describes the finite rise time of a point source !
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

STF - instantaneous fault slip

4 unrealistic model
4 unacceptable far field

4 cmitted infinite energy
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

STF - linear increasing fault slip

¢ e
H(t) — -

e
€|

4 cmitted infinite energy
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

STF - boxcar stf

M8 M, % Ottt/
iy Sl - e

£y

M, M, M,(w)

y
\j
\j
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

STF - Brune’s model

M,(t) = M, [1 — (1 + t/t.)e"V/)] H(¢)

M,(t) = MyLel =t/ H(¢)

Mo(w) Al

1+ (w/we)?
M, dM._/dit dM._/dit
T P T e o T o T e 10t
1.0 =
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor - generalisation DC

Asumptions:

4 source - a non-elastic process in a finite volume

4 net sum of forces and moments in source is null

4 absence of body forces (F; = 0)

Total stress o

. ot et g
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor - generalisation

Wave equation

puz — (‘27 Tij
Generalise (postulate)
puz — 8j O'ij
puz — 8]' Tz’j S 8]' mij

k;

Moment tensor represents the stresses responsible for non-elastic processes

in the source volume
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor - generalisation

Moment tensor m;; represents the general point-like source

= / dt / FA(€, t)Gri(€, ¥ 20, t)AVz
LB 1

Taylor expansion:

0G,;
Gi(6n) = Gin(0) + ¢ g,k -O(&%)
i/
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An introduction to Physics of Seismic Sources

SP-6: Spectral properties, Energy

Moment tensor - generalisation

U; = /dt//ngkGik,j(gat/;xsvt)d‘/f
— 00 NG

null net forces:

/ Fo(€)Gik(0,t'; 20, t)AVe = 0

Vo
U; = /dt//‘ijkGik,j(gat/;xSat)d‘/ﬁ
B aal v,

mjr = §; F
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor - physical interpretation

[l

}\
(O-CUQZ‘ O zy O-xz\ y y ;
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T g e
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An introduction to Physics of Seismic Sources

SP-6: Spectral properties, Energy

Moment tensor - principle stresses

m;; real, symmetric - can be diagonalized

(mij — 0450) - V; =0

v, - principle axes of inelastic stress in source volume

(010 O\

s (3R N

\O 0 03)

g e 0NN )
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor - isotropic part

[sotropic part - inelastic dilatation - change of source volume

1
mz-j = gT’r(mw)(Sw

I
mfj = §(U1 + 09 + 03)

Deviatoric part - processes with no volume change, e.g. shearing
D I

3
|
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An introduction to Physics of Seismic Sources

SP-6: Spectral properties, Energy

Moment tensor - deviatoric part

D DC -
My = My~ + My

where
det (mg Sty

Double Couple part (pure shearing)

O o - e 2

m”&] (¥ /4

Compensated Linear Vector Dipol (e.g. tensil crack)

o o T PR DA e e C T
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SP-6: Spectral properties, Energy

An introduction to Physics of Seismic Sources

DC - CLVD partitionig

o _ e -1 sl
{01 SRRl \ (%(01—03) 0 0 \ {—%Ug 0 0 )
0 R by 0 0 +1 0 oo 0
e e e T 0 —Lo1—o3) ) \ 0 0 —ios

4 DC - shearing process

4 CLVD - change in u perpendicular to rupture plane (crack opening, etc.)

IGF PAN, 23.11.2015
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor - examples

5 [ R
Explosive (ISO) mi; = (A+ gM)AU U =)
L gls e i

Sl 0

lensi i et (G INMEN P 4 (O AV s S

0
Shear fracture (DC) gy == (A 1
0

@y, L@ N
o) @) )
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An introduction to Physics of Seismic Sources SP-6: Spectral properties, Energy

Moment tensor inversion

mij(t) = 7iiMoS(t)

Moment tensor inversion should comprise

=» Nm=6 “Fault plane solution”  ~. = efel + e?
= Nm=1] Seismic scalar moment M, = uSAwu,
= Nm=(co) Source time function  S(t) = Au/u,

xra / ng nz,j(x&t/;xrat)dt/
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Full solution

Mi1 = -1,12E+13 [Nm] M2 = -7,81E+12 [Nm] M1z = +4,04E+12 [Nm]
M21 = -7,81E+12 [Nm] M2z = -1,50E+13 [Nm] M2z = +1,37E+12 [Nm]
Ma1 = +4,04E+12 [Nm] Mz = +1,37E+12 [Nm] M3 = +4,54E+13 [Nm]

Rupture time: 50,7[ms]

Seismic moment: 3,59E+13[Nm]
Total seismic moment: 4,06E+13[Nm]
Error: 6,77E+11[Nm]

Seismic moment magnitude: 3,0

Decomposition:
EXPL: 18,8 CLVD: 339 DBCP: 47,4

Nodal planes:
1:139,0/48,1 2:324,2/42,0

Axes (trend/plunge):
P:231/3 T:11/86 B: 141/3

Quality factor: 68
Classification: Reverse fault

Trace-null solution

Mi1 = -1,41E+13 [Nm] M+2 = -1,00E+13 [Nm] M1z = -3,05E+12 [Nm]
Mz1 = -1,00E+13 [Nm] M2z = -1,24E+13 [Nm] M2z = -1,63E+12 [Nm]
Ma1 = -3,05E+12 [Nm] Mz2 = -1,63E+12 [Nm] Mzz = +2,65E+13 [Nm]

Rupture time: 50,7[ms]

Seismic moment: 2,35E+13[Nm]
Total seismic moment: 2,53E+13[Nm]
Error: 7,07E+11[Nm]

Seismic moment magnitude: 2,9

Decomposition:
CLVD: 13,5 DBCP: 86,5

Nodal planes:
1:310,9/48,9 2:134,2/41,2

Axes (trend/plunge):
P:42/4 T:199/86 B:312/2

Quality factor: 72
Classification: Reverse fault

Double couple solution

Mi1 = -1,29E+13 [Nm] M12 = -1,16E+13 [Nm] M1z = -2,78E+12 [Nm]
M21 = -1,16E+13 [Nm] M2 = -1,04E+13 [Nm] M2z = -1,59E+12 [Nm]
M31 = -2,78E+12 [Nm] M3z = -1,59E+12 [Nm] Maz = +2,33E+13 [Nm]

Rupture time: 50,7[ms]

Seismic moment: 2,35E+13[Nm]
Total seismic moment: 2,35E+13[Nm]
Error: 7,50E+11[Nm]

Seismic moment magnitude: 2,9

Decomposition:
DBCP: 100,0

Nodal planes:
1:310,4/48,9 2:133,7/41,2

Axes (trend/plunge):
P:42/4 T:199/86 B:312/2

Quiality factor: 54
Classification: Reverse fault
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Full solution

Mi1 = -1,30E+12 [Nm] M1 = +1,08E+12 [Nm] M1z = +1,95E+12 [Nm]
M2 = +1,08E+12 [Nm] M2z = -2,07E+12 [Nm] Moz = -1,53E+12 [Nm]
Mz = +1,95E+12 [Nm] Mz = -1,53E+12 [Nm] Maz = -6,98E+12 [Nm]

Rupture time: 39,7[ms]
Seismic moment: 5,89E+12[Nm]
Total seismic moment: 7,70E+12[Nm]
Error: 5,14E+11[Nm]

Seismic moment magnitude: 2,5

Decomposition:
EXPL:-30,3 CLVD:-14,4 DBCP: 55,3

Nodal planes:
1:276,9/58,2 2: 140,7/40,6

Axes (trend/plunge):
P: 137/65 T:26/9 B:292/23

Quality factor: 65
Classification: Normal fault

Trace-null solution

M1 = -1,55E+12 [Nm] M12 = +1,52E+12 [Nm] M13 = +2,21E+12 [Nm]
M1 = +1,52E+12 [Nm] M22 = -4,81E+12 [Nm] Mz3 = +3,07E+10 [Nm]
M1 = +2,21E+12 [Nm] Mz2 = +3,07E+10 [Nm] M = +6,36E+12 [Nm]

Rupture time: 39,7[ms]

Seismic moment: 5,46E+12[Nm]
Total seismic moment: 6,34E+12[Nm]
Error: 6,09E+11[Nm]

Seismic moment magnitude: 2,5

Decomposition:
CLVD: 27,2 DBCP: 72,8

Nodal planes:
1:36,7/50,8 2: 188,3/42,8

Axes (trend/plunge):
P:113/4 T:8/75 B: 204/14

Quality factor: 67
Classification: Reverse fault

Double couple solution

M1 = -4,55E+11 [Nm] M1z = +1,99E+12 [Nm] M3 = +1,52E+12 [Nm]
Ma1 = +1,99E+12 [Nm] M2z = 4,61E+12 [Nm] Mz3 = -1,85E+11 [Nm]
Ma1 = +1,52E+12 [Nm] Mz; = -1,85E+11 [Nm] Maz = +5,07E+12 [Nm]

Rupture time: 39,7[ms]

Seismic moment: 5,46E+12[Nm]
Total seismic moment: 5,46E+12[Nm]
Error: 7,22E+11[Nm]

Seismic moment magnitude: 2,5

Decomposition:
DBCP: 100,0

Nodal planes:
1:36,1/50,8 2: 187,7/42,8

Axes (trend/plunge):
P:113/4 T:7/75 B: 204/14

Quality factor: 49
Classification: Reverse fault
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