














Lithosphere Bending Model 



3D Model 

  Parameters allowed to vary: 
 Elastic plate thickness H 
 Half-space Maxwell relaxation time 
 Vertical load history (changing levels of water) 

  Verify by considering a 2-D thin-elastic-plate 
approximation 

  3D response should approximately match the 
thin elastic plate solution at infinite time 

  Match the elastic half-space solution at zero 
time 



Elastic vs. Rheological   

  Stress and Strain Relationship for Maxwell 
Fluid 



Derivation 
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Parameter Values 

  E = 70 GPa 
  v = 0.25 
  ρ=3300 kg/m^3 
  Vertical deflection: W(x) (m) 
  Flexural Rigidity (D) (N m) 
  Flexural parameter: α (m) 



Thick Plate vs. thin Plate 



Thin Plate Solutions 

Vertical Displacement Horizontal (normal) stress 



Effect of Pore Pressure 

  Lake load may alter the stress on a fault by 
changing the effective normal stress, the 
difference between the inward pressure 
(lithostatic) and the outward pore pressure due 
to the water-filled crust 



Stress at Lake Cahuilla 



Coulomb Stress 



Coulomb Stress  



Lake Cahuilla Stress Relevance 

  The magnitude of Coulomb stress perturbation 
due to change in level of lake Cahuilla is 10 
times smaller than tectonic load 

  This is suggested to enact triggering (1992 
Landers EQ led to Hector Mine EQ) 

  Likely only make an observable difference to 
faults that are critically stress from tectonic 
loading (i.e. late in the seismic cycle) 



Conclusions 

  Better constrains are needed for both fault slip 
history and lake level history to determine if 
lake loading has been important in the Salton 
Trough seismicity 



Conclusions 

  Explored the possibility of stress changes due 
to changes in pore pressure and isostatic 
rebound in response to the transient existent 
of Lake Cahuilla affecting the EQ cycle on 
nearby faults by advancing or delaying 
rupture.  

  Colomb stress : 0.2-0.6 Mpa within lake 
  0.1-0.2 outside the lake 
  Will likely modulate earthquake cycle only 

when faults are near critically stressed.  



Derivations of equation (2) and (3) in Luttrell and
Sandwell et al (2007)

Kang Wang Kyle Withers

Governing equation

D
d4W

dx4
+ ρmgW = V0H(x)

where

D =
Eh3

12(1− ν2)
V0 = ρwgd

METHOD 1 Fundamental Solution Method

Consider the equation
LU = δ(M)

where L is a linear partial differential operator. The solution of above
equation U(M) is called the fundamental solution of the equation,

Lu = f(M)

and

u(M) = U∗f =

∫
U(M−M0)f(M0)dM0 =

∫
U(M0)f(M−M0)dM0

Now consider the equation

D
d4w

dx4
+ ρmgw = V0δ(x)
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Solution

w(x) =
V0α

3

8D
e−|x|/α(cos

|x|
α

+ sin
|x|
α

)

where

α = (
4D

ρmg
)1/4

Thus the flexure of the elastic layer is

W (x) = w(x) ∗H(x)

=

∫ ∞

−∞
w(x′)H(x− x′)dx′

=
V0α

3

8D

∫ ∞

−∞
e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)H(x− x′)dx′

=
V0α

3

8D

∫ x

−∞
e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)dx′

=
V0α

3

8D
[

∫ 0

−∞
e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)dx′ +

∫ x

0

e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)dx′]

Denote

I1 =

∫ 0

−∞
e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)dx′

I2 =

∫ x

0

e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)dx′

2



I1 =

∫ 0

−∞
e
x
α (cos

x

α
− sin

x

α
)dx

= α

∫ 0

−∞
ex(cosx− sinx)dx

= α(ex cosx|0−∞ +

∫ 0

−∞
ex sinxdx−

∫ 0

−∞
ex sinxdx)

= α

I2 =

∫ x

0

e−
|x|
α (cos

|x|
α

+ sin
|x|
α

)dx

If x > 0,

I2 =

∫ x

0

e−
x
α (cos

x

α
+ sin

x

α
)dx

= α

∫ x
α

0

e−x(cosx+ sinx)dx

= α(

∫ x
α

0

ex cosxdx−
∫ x

0

e−xd cosx)

= α[

∫ x
α

0

e−x cosxdx− (e−x cosx|
x
α
0 +

∫ x

0

e−x cosxdx)]

= α(1− e−
x
α ) cos

x

α

= α(1− e−
|x|
α ) cos

|x|
α
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if x < 0, let x′ = −x

I2 =

∫ x

0

e−
|x|
α (cos |x|α +sin |x|α )dx

= −
∫ −x′

0

e−
|−x′|
α (cos

| − x′|
α

+ sin
| − x′|
α

)dx′

= −
∫ x

0

e−
|x′|
α (cos

|x′|
α

+ sin
|x′|
α

)dx′

= −α(1− e−
|x|
α ) cos

|x|
α

So

I2 = α(1− e−
|x|
α ) cos

|x|
α

sign(x)

Thus, the flexure of the thin elastic layer under a step function load
V = V0H(x) is

W (x) =
V0α

3

8D
(I1 + I2)

=
V0α

4

8D
(2− e−

|x|
α cos

|x|
α

) sign(x)

Please note that the equation (2) in Luttrell and Sandwell et al
(2007)

W (x) =
V0α

4

8D
(1− e−

|x|
α cos

|x|
α

) sign(x)

is the result that the mean flexure V0α
4

8D has been removed.

METHOD 2 Green’s Function Method
The solution of the equation

LU = δ(M −M ′)

U(M,M ′) is called the Green’s Function of the equation,

Lu = f(M)
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and

u =

∫
U(M,M ′)f(M ′)dM ′

It is not difficult to show that the solution of the equation

D
d4w

dx4
+ ρmgw = V0δ(x− x′)

is

w(x) =
V0α

3

8D
e−|x−x

′|/α(cos
|x− x′|
α

+ sin
|x− x′|
α

)

Thus, the solution of the equation

D
d4W

dx4
+ ρmgW = V0H(x)

is

W (x) =
V0α

3

8D

∫ ∞

−∞
e−
|x−x′|
α (cos

|x− x′|
α

+ sin
|x− x′|
α

)H(x′)dx′

= H(x) ∗ w(x)

= w(x) ∗H(x)

= ...

=
V0α

4

8D
(2− e−

|x|
α cos

|x|
α

) sign(x)

Note As we can see from the above analysis, the Fundamental
Solution Method is a special case of Green’s Function Method. They
are the same in principle.

Now let’s derive the normal strain and stress in the plate induced by
the bending.

εxx = −zd
2W

dx2
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So, if x > 0,

W (x) =
V0α

4

8D
(1− e−

x
α cos

x

α
)

dW (x)

dx
= −V0α

4

8D
(− 1

α
e−

x
α cos

x

α
− 1

α
e−

x
α sin

x

α
)

=
V0α

3

8D
(e−

x
α cos

x

α
+ e−

x
α sin

x

α
)

d2W (x)

dx2
=
V0α

3

8D
[− 1

α
e−

x
α cos

x

α
− 1

α
e−

x
α sin

x

α
+ (− 1

α
e−

x
α sin

x

α
+

1

α
e−

x
α cos

x

α
)]

= −V0α
2

4D
e−

x
α sin

x

α

= −V0α
2

4D
e−
|x|
α sin

|x|
α

if x < 0,

W (x) = −V0α
4

8D
(1− e

x
α cos

x

α
)

dW (x)

dx
=
V0α

4

8D
(
1

α
e
x
α cos

x

α
− 1

α
e
x
α sin

x

α
)

=
V0α

3

8D
(e

x
α cos

x

α
− e

x
α sin

x

α
)

d2W (x)

dx2
=
V0α

2

8D
[e

x
α cos

x

α
− e

x
α sin

x

α
− (e

x
α sin

x

α
+ e

x
α cos

x

α
)]

= −V0α
2

4D
e
x
α sin

x

α

=
V0α

2

4D
e
−|x|
α sin

|x|
α
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Thus,
d2W (x)

dx2
= −V0α

2

4D
e−
|x|
α sin

|x|
α

sign(x)

εxx = −zd
2W (x)

dx2

=
V0α

2

4D
e−
|x|
α sin

|x|
α

sign(x)

where z is the distance from the nodal plane of the plate, and is
positive for upward.
For plane strain,

σxx =
E

1− ν2
εxx

Thus the normal stress on a vertical plane induced by the bending
of the plate at a distance z from the nodal plane is

σxx =
E

1− ν2
εxx

=
E

1− ν2
V0α

2z

4 Eh3

12(1−ν2)
e−
|x|
α sin

|x|
α

sign(x)

=
3V0α

2

h2
(
z

h
)e−

|x|
α sin

|x|
α

sign(x)

For a 30 km thick plate, the seismogenic depth of 5 km corresponds
to z = 15− 5 = 10km in the above equation.
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