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Abstract: We simulate the propagation of earthquake waves in the continental margin of Antarctica using the elastic wave
modeling algorithm, which is modified to be suitable for acoustic-elastic coupled media and earthquake source. To
simulate the various types of earthquake source, the staggered-grid finite-difference method, which is composed of
velocity-stress formulae, can be more appropriate to use than the conventional, displacement-based, finite-difference
method. We simulate the elastic wave propagation generated by earthquakes combining 3D staggered-grid finite-difference
algorithm composed of displacement-velocity-stress formulae with double couple mechanisms for earthquake source.
Through numerical tests for left-lateral strike-slip fault, normal fault and reverse fault, we could confirm that the first
arrival of P waves at the surface is in a good agreement with the theoretically-predicted results based on the focal
mechanism of an earthquake. Numerical results for a model made after the subduction zone in the continental margin of
Antarctica showed that earthquake waves, generated by the reverse fault and propagating through the continental crust, the
oceanic crust and the ocean, are accurately described.
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Fig. 1. Grid layout for staggered-grid formulation. A unit cell consists of the wavefield variables and media parameters defined

at a specific node (Graves, 1996).
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Fig. 2. Representation of cartesian moment tensor components acting in the (a) x, (b) y, and (c) z directions using the equiva-
lent body-force components. For the £, £, and £ components, the forces are applied at the same location as the v, v, and v. com-
ponents of the wavefield. The strength of the body force applied at each point is given by the expression to the right of each
diagram, and the force direction is indicated by the vectors shown in each of the diagrams (Graves, 1996).
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Fig. 3. Comparison of analytic (dashed line) and numerical solutions (solid line) obtained by the 3D staggered-grid FDM (solid
line) for 2D elastic media at 500 m from source: (a) horizontal and (b) vertical displacements.
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Fig. 4. Snapshots (left) obtained by the 3D numerical mod-
eling and focal mechanism results (right) for the lefi-lateral
strike slip fault at 1 sec in the x-y section (surface).
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Fig. 5. Snapshots (left) obtained by the 3D numerical mod-

eling and focal mechanism results (right) for the normal fault
at 1 sec in the x-y section (surface).
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Fig. 6. Snapshots (left) obtained by the 3D numerical mod-

eling and focal mechanism results (right) for the reverse fault

at 1 sec in the x-y section (surface).
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Fig. 7. A geometry of the subduction zone model.
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Fig. 8. Snapshots on x-z section obtained for the subduction zone model at (a) 0.5, (b) 2, (c) 3, and (d) 4 sec.
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uz(i-k %,j,k) —u;'(i— %,j,k)
7o), k) = (A7, k) +2 (i j, k) x Ar

(b b)-aij-a) wliasd)-uiin-l)

+ A(i,], k) x A + =

af .1 al .1
uy(l9] + iak) _ux(laj_§9k)
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of 1.)_ n(._l.) ( %)_ ( _1)
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IR 5 + =
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u(ijderd)-(ijk-3)
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(L) a1 8) i+ L A) (-1
ux(l+2,1,k u =305k w\ bt 5k) =)\ ij=5.k

+ A(i,j, k) x g + =
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27 25 XY 25 2) Ax

(z+1,]+1 k) (',j+%,k)

Ax

+

r( 2,J,k+9 ( 2,J,k+9

Ax

a1 )_ n(. 1. )
ux(l+2,j,k+l U, l+2,j,k
Az

J’_
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+ +=|—u. + =

NIRRT uz(z,J Lkt 5 |-z 1,.k+5
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+ + +=
Ay f; l’],k

Exo] AR AolHo] A e ALolE 2 (A4), (A58 o] FH BEAgre] HAES ARgSi)

(11 ):‘1( 1 1 1 1
ol gk G R LD FGTLR LT LR |
(.1, Q‘ 1( 1 1 1 1 T

litzjk+=]=]= + + + .
rili+gik TG D R ETT) u(i+1,j,k+l))_ (a-4)
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+o ks == + + +
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c 11 | _
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+ 1 1 1
== +
b: 2(p(z',j,k) p(i,j,kﬂ))
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3kl el AR AARAE 4 (B-1) B (B2)2 XdH:
B Zero-stress formulation
7.=0, 7.=0, 7.=0 (B-1)

B Vacuum formulation

p=0,V,=0, V,=0 (B-2)
Fig. 33 22 QAR .9 1., 1.5 &0 g AZ g a BT 1, 7F SIXIg ARl
A=l w2l 4 (B-1) e (B-2)2 dEshl WEAZ S olth wEbA 2 B-3)2 ol Al
T2 ‘—='- 0‘—“; X‘]Q%é]'
z..(i,/,k) = 0
1
T l+2,J,k 2) Z,J, Z)
o (ij+hh-1) =z 7J+2,k+2)
S AU S Ai,j, k) dz 1 1.
(k=) =it (e x (G (w45 13)
[ S T gy \a T ) T
d . .
+ aT)z, X (vy(z, Jt %,k) - vy(z, J —%,k))) (B-3)
g e Hog vhte] iAAA & F Z7te] 27X 233 SRl whg th Aoldith &

AR MZ t2A A=) e AARK(Levander, 1988, A149E 9], 1997)¢} 2] o] A7)
A ARESE AR = EAC] £AEE0] Qe ARelRt HelEo] Het §Ho| Aol ARl = T A
B Hapke AMSPl =] Wil Aok ZAe] AAIA A o] o] A et wiEhA S
Aduds 78] flal p=0 ollell F7HCE 7.=0, 7.=09] 21 HEAAFT
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