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VISCO1D

Semi-analytic program package for
computing postseismic response to specified

impulsive seismic sources

Deformation field is a sum of viscoelastic

normal modes

Deformation computed as a sum of spherical

harmonic components

Accounts for effects of depth-dependent
linear rheology and gravitational acceleration

(g —effects, but not G—effects)

* Available by anonymous ftp at USGS



Semi-Analytic Postseismic Relaxation

1. Plane-layered elastic/viscoelastic model

2. Spherially-layered viscoelastic model

(VISCO1D)

3. Comparisons among different approaches
(1) VISCO1D with Rundle’s code
(ii) VISCOI1D with TECTON
(1i1) VISCOI1D with analytic result for
infinitely long strike-slip fault (Nur and
Mavko, 1974)

4. Aspherical viscoelastic model (VISCO3D)
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Advantages of semi-analytic methods

Fast and accurate computation  for lajrered

structures

Spatial derivatives of deformation field are

readily computed

Inverse Laplace transform can be evalnated

analytically (viscoelastic normal modes)

Same computational effort yields postseismic
deformation at arbitrary distance (and arbitrary

time for viscoelastic normal modes)




Excitation hy selsmic source

00y = [Meryio) B, o) + Brs B o) | 7 wis.s)
M Laplace-transformed moment tensor at vy ~ 1/
F': Laplace-transformed force vectorat 1y ~ 175
E;: Excitation tensor of Greens function response to

moment tensor sources

E;" Excitation tensor of Greens function response to sim-

gle forces
1 J = static mode
Wis.5;) = (s + gj}_l J = viscoelastic mode
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Spherically-layered viscoelastic medinm

Viscoelastic problem

Displacement
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Spheroidal motion operator is
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Toroidal motion operator is
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I7 -V vertical and horizontal spim:midal mode displace-

ment eigenfunctions

W: horizontal toroidal mode displacement eigenfunction
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For a static mode j, E; is the kinetic a'nerg:;*.'in't’::gra.l:
[+3

g = 0F | p(r) |:U2(r} & o+ VA }] rldr  (spheroidal modes)
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ep = wF Ip(lp+1) | pr) WXr) r? dr  (toroidal modes)
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plr ): radial density distribution

©;: an gular frequency of the jth degenerate free oscilla-

tion on the spherical Earth model with total degree /)

For a viscoelastic mode 7, &; is:
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a = FEarth's radius

Ig, I = spherical harmonic degree of spheroidal or toroidal mode



For spheroidal motion the displacement-stress vector

u
R
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solves the system
dyg(r.d)
- A D (D)

subject to 4 boundary conditions

for example R (Fooom ) = 8 (Ppoiiom A3 = 0
Ria )= S(af) =0
Fponom © &rbitrary lower model boundary

For toroidal motion the displacement-stress vector
w

yrlr )= |r

solves the system

dyr(r.)
e = Aplrd) ¥p(r )

subject to 2 boundary conditions

for example T (Nonom )} = €
T(aJ) =0



Layer matrices

Sphercidal motion
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Stability of spheroidal mode solution

Method of second order minors

@ Two displacement-stress vectors ¥,(r ) and y,(r) (assum-
ing fized ! and s) are propagated upward from the
starting radius of integration.

@ Second-order minors:
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Laterally Homogeneous Earth Model
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Depth (km)
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Depth (km)
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Thin channel model
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CoHeN: POSTSEISMIC DEFORMATION AND STRESS Dierusion | 7
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fault length
=L

Postseismic fault—||

displacement

coseismic slip=Au
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VISCO3D

= Computes postseismic response to impulsive
seismic sources on aspherical viscoelastic

model

* Based on perturbation theory for aspherical
structure with respect to a laterally

homogeneous model

» Coupled static + viscoelastic normal modes

* Numerical effort proportional to volume of

aspherical region

* Accounts for effects of linear rheology and
gravitational acceleration ( g —effects, but not
(7 —effects)
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