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- Remote triggering is a case of dynamic triggering occurring at
distances larger than the dimension of the causative fault;

- Since the M, 7.7 1992 Landers EQ only a few examples of
remote triggering have been observed; we consider the early
events in Reykjanes Peninsula on June 17, 2000;

We study the instantaneous remote triggering of a fault of
finite extension, considering a realistic 3—D fault model,
including heterogeneities in the crustal profile and in the fault
rheology;

H» \\e generalize the conclusions obtained in a previous paper
on the basis of a simple 1-D spring—slider analog system;

We study the response of the triggered fault as depending on
the assumed constitutive relation: rate— and state—dependent
governing laws and slip—dependent law.
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The June : nic sequence
In the Sout Seismic Zone

The sequence started on June 17, at 15:40:41 UTC, with an event of
magnitude My = 6.6 (Pedersen et al., 2001), with hypocenter located at
(63.973 °N, 20.367 °W, 6.3 Km) (Stefansson

et al., 2003; Arnadottir et al., 2006). O The largest events (M~5)
occurring in the first five
— e e minutes are:
: %, 8s, 26s, 30 s, 130s, 2265
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The nur approach

For the June 17 2000 mainshock we assume: 0, S0 North

1) The slip distribution retrieved by a joint inversion
of GPS and InSAR data (Arnadottir et al., 2003) —

— —
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2) A bilateral Haskell model, with a rupture velocity s 18 2 25 J[ [T |
30 35 40 45

Vf = 2500 m/S Distance Morth [km]

3) A Bouchon ramp source time function (Bouchon, 1981) with a rise time {,
equalto1.6s

4) 7°, 88° and 180° for the strike, the dip and the rake angles, respectively (i. e.
right—lateral strike slip mechanism), on the basis of the aftershock distribution
(Stefansson et al., 2003)
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Using the discrete wavenumber and reflectivity code developed by Cotton and
Coutant (1997) we compute the resulting stress field variations Ac;(x,1)



The values of the tensor Aoy are calculated on the 26 s fault plane up to
2.78 Hz, in a total of 12 x 8 “receivers”, located in nodes uniformly spaced
1650 m in the strike direction and at depths of 0 m, 1650 m, 3300 m, 4950 m,
6550 m, 8100 m, 9900 m and 11550 m.

The spatial sampling of the receiver grid is not sufficient to correctly resolve the
dynamic processes occurring during the rupture nucleation and propagation
(Bizzarri and Cocco, 2003; 2005), as well as the temporal discretization.

We develop an algorithm that employs a €2 cubic spline to interpolate Aoy in
space and in time.
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In the numerical code presented by Bizzarri and Cocco (2005) at time t and in
each fault node, the dynamic load is: 2, =, + 7, + Ao, (i= 1 and 3).

are the components of the initial traction (T, (x,,x5)=7,(x,,x;)(cos(¢, ), 0,sin(g, )) )

f. are the components of the load (namely the contribution of the restoring
forces, f,) exerted by the neighbouring points:

f.= (Mt — MM+ M),

“ n

where M* and M- are the masses of the “+” and “-” half split-node of the fault
plane 2 and f* is the force acting on partial node “+” caused by deformation of

neighbouring elements located in the “-” side of S (and viceversa for f).

{40,} are coupled to the components of the fault friction 7: via
d2

de*
2

w =o|L, - T,]

@% :0([[.3 _T3]

where o= A (1/M*) + (1/M")), A = Ax,Ax,. T express on the governing law.



Qoszrvatlonzl sonsirelnis
1) Perturbed rupture time {, = 259+ 0.1 s

2) Hypocenter <> on fault
coordinates of (Antonioli et al., 2006)

3’) From the aftershocks distribution shown in
Hjaltadottir and Vogfjord (2005) we consider the

Selsmlc par‘t Of the fault (A) Ilmlted |n Iatltude i Green,A:‘."He"irmare-cfl:'vena‘s‘./Vc'rh."nrheFﬂU.“r ‘
between 63.890 °N and 63.947 °N (in the case of
North—South fault this corresponds to
) and =
~_ ;
M * *
) o Latitude o

4) M, > 5 (Arnadottir et al., 2006; Vogfjord, 2003) = M, = 3.2 x 10'® Nm
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v, = 0.1 m/s, in agreement with
Belardinelli at al. (2003); Antonioli
et al. (2005); Rubin and Ampuero
(2005); Ziv and Cochard (2006)
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Whole fault

From Bizzarri and Belardinelli
(Nov. 2006; subm. to JGR)



Along dip direction (m )

,Ll(U, 5U) O-neff =
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(m)

Along dip direction
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L=5mm

t,min =23.99 s @
M, = 1.27 x 1076 Nm
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l‘l\ Bouchon source time functlon
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Bouchon, 1981;t,=1.6 s
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. Alternative source

Modified Bouchon, {, = 1.6 s;
0,°™= 4.2 MPa — DR law
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We simulate the remote triggering in a truly 3—D fault
model with different governing laws;

We generalize the results of Antonioli et al. (2006),
providing additional details of the 26 s event: the location
of the hypocenter, its failure time, the rupture area and
the seismic moment;

The effective normal stress and the pre—stress are
heterogeneous;

The spring—slider and the 3-D model are intrinsically
different, but we observe an excellent agreement during
the slow nucleation phase...

... during the acceleration, in the 3—D model the dynamic
load of the slipping points further decrease the perturbed
failure time;
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The agreement with observations increases considering a
modified (and more causal) source time function;

If detailed informations of the initial state of the fault,
potentially highly heterogeneous, were available the
agreement with observations will be even better.

Constitutive Rupture Rupture Hypocenter | Origin time Total
law extension extension location (s) seismic
along strike along (m) moment
(m) dip M,
(m) (Nm)
[9700, [6400,
16500] 7500]

227x10"°

[9500, [6000,

R 16
(B 16700] 7400] : 2.17x10

mm)
[9700, [6400,
16500] 7600]
[@?SOO, [§2(ﬁ)(ﬁ) 259 % 1 01(-,
16700 8700 ST

Observational [9700, [5400, 7400] | (16500 £450, | 25.9 £0.1
constraints 16500 8900 £+ 1300

~ 16
2.30 x 10
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3-D 1)

The spatial sampling of the receiver grid is not sufficient to correctly resolve the
dynamic processes occurring during the rupture nucleation and propagation
(Bizzarri and Cocco, 2003; 2005), as well as the temporal discretization.

We develop an algorithm that employs a €2 cubic spline to interpolate Aoy in
space and in time.
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Parameter Value
parallelepiped that extends X, 36.5 Km
end
S along X X, x 10 Km along x, and
) “enc <
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- end -
] I -
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Crustal profile (from Vogfjord et al., 2002; Antonioli et
al., 2006)

Layer Vp Ve Prock, Up do depth of
# h 5 3 X, (m)
k (m/s) (m/s) (Kg/m ) w3
1 3200 1810 2300 1100
2 4500 2540 2540 3100
3 6220 3520 3050 7R00
4 6750 3800 3100 11600
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