Faults and fractures at depth
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Geographical coordinate system
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Interactive widget



Stress in geographical coordinate system

Sc = RLSRg



Example: Strike-slip faulting

30 0 0 a = O° AZimllth Of SHmax
S=|0 25 0 ,B =0 Sl = SHmax
0O 0 20 y = 90° S2 =35,




Example: Normal faulting

30 O 0 a=0° Azimuth of Sy
S=]10 25 0 p=-90 S1 =38,



Example: Reverse faulting

30 0 O a =90 Azimuth of Sy
S=|0 25 0 ﬂ =0 Sl = SHmax
0O 0 20 y=0 S2 = Shmin

0 1 0

Ro=|-1 0 0

0 0 1

25 0 0

Se=10 30 0

0O 0 20



Example: Strike-slip faulting

60 O 0 a = 135° Azimuth of Syax
S=|0 40 0 ﬂ =0 Sl = SHmax
0 0 35 y =90° S, =35,
_ ] ! -
7w v Y
RG = 0 1
1 1
= 7w Y

475 =125 O
S¢=|-125 475 0
0 0 40



Fault orientation
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Fault traction and stress

Traction on fault plane

f=8c-n
Normal stress to plane

Sn == 7T * ﬁ
Shear stress in dip direction

;=1 -y
Shear stress in strike direction

T, =71 - R



Example: Strike-slip faulting

Sc
[ 30 —-8.66 0 strike = 60°
=-866 40 0 } dip = 90°
0 0 30
[ —0.866 0.5 0
n=| 0.5 } ﬁs=[0.866} ﬁd=[ 0 }
0 0 1.0

Sh=40 1,=0 1, =28.66



Example: Normal faulting

Sc
4000 0 0 strike = 45°
=| 0o 3000 0 dip = 60"

0 0 5000

—0.612 0.707 —0.3535
n=| 0612 n, =| 0.707 ng = 0.3535
—0.5 0 0.866

Sn =3875 14 =-650 1, =—-433



Example: Normal faulting

Sc
5000 0 0 strike = 225°
=| 0o 4000 0 dip = 60

0 0 3000

0.612 —0.707 0.3535
h=|-0612 iy = | ~0.707 iy = | —0.3535
05 0 0.866

Sp =4125 15 =-650 1, = —433



Example: Revese faulting

Sc
2100 -520 O strike = 120°
=1-520 1500 O dip =70’
0 0 1000
~0.814 -0.5 0.2961
n=|-0.470 n, =| 0.866 n; =| —0.1710
—0.342 0 0.9396

S, =1441 15, =161 1, =488



Shear failure (slip on faults)

Coulomb failure function



Frictional strength of faults

Maximum friction
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Induced seismicity

]

— 4101 I
5 ”r'r',
o |y
£ a00f [y 60
= Iy < 0 %
- L ‘\ S | 1
= | I U‘d, | E
= a3so0r ! [ %, | C
2 ! | ® i | g3
8 Vo o ;5
F 3s0- oy [ | e
° | I| | £5
5 Vi | 140 Ew
£ 3701 Y 1 55
s I i °g

——— T —_—p——————— =
e 360 ] | %ﬁ’
£ 350 \ 55
> s —20 &
£ a0k N\ £
5 340 N =

[
é 330
E: ~
320+
1962 | 1963 | 1964 | 1965 | 1966 | 1967 | 1968

Fluid injection and seismicity at the Rocky Mountain Arsenal
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