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a b s t r a c t

During the last decade, efforts to improve our knowledge of great Chilean earthquakes have shown that
not all of the major destructive events have occurred in the contact between the Nazca and south American
plates (interplate earthquakes). Waveform analysis of records from the Ms = 8.0, 1950 Antofagasta and
the Ms = 7.8, 1939 Chillán earthquakes have shown that these large events are tensional, rupturing along
nearly vertical, intermediate depth, fault planes within the subducting slab (intraplate events). Previous
studies found that other earthquakes in Chile, like Santiago 1945 (Ms = 7.1), La Ligua 1965 (Ms = 7.1), Tal-tal
1965 (Ms = 6.9), Tocopilla 1970 (Ms = 6.5), and Tarapacá 2005 (Mw = 7.8) were also of tensional type. In
the present work, we analyze theoretical and observational evidence comparing interplate and intraplate
earthquakes. We found clear differences in the source characteristics between these two kinds of events,
with intermediate depth, intraplate earthquakes presenting larger corner frequencies and greater seismic
energy release than interplate events (for a given seismic moment). This is also reflected in the higher
averaged apparent stress drop for intraplate earthquakes (�a ∼ 90 bar) compared to interplate events
(�a ∼ 30 bar). From theoretical computations, we found that the rupture velocity has a minor effect on
the resulting displacements; while directivity and changes in the static stress drop produced notable (and
similar) results. We believe that the differences found in the data might be due to changes in the static
stress drop, the effect of directivity, or both. Regardless of the cause of the observed differences in the
apparent stress drop, these results should be taken into consideration into the assessment of the Seismic
Hazard in Chile.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Chile is located in one of the most active tectonic regions
of the world (Scholz, 1990), characterized by the subduction of
the Nazca plate under the south American plate at a present
rate of 8.0 cm/yr (from NUVEL1 evaluated at 30◦S, DeMets et al.,
1994) (Fig. 1). The contact between these two plates produces
very large earthquakes, with epicenters located along the Chilean
coast, depths ranging between 15 and 50 km, known as inter-
plate, thrust events. Recently, seismologist have presented evidence
for another kind of earthquakes located in the subducting Nazca
plate (Campos, 1989; Campos and Kausel, 1990; Beck et al., 1998;
Barrientos et al., 1997), with continental epicenters, intermedi-
ate depth (greater than 50 km), known as intraplate or inslab
events (Fig. 1). Similar classification has also been found in Mex-
ico’s subduction zone (Singh et al., 2000; García et al., 2004), and

∗ Corresponding author. Present address: Depto. Ciencias Aplicadas, Universidad
de Talca, Curicó, Chile.

E-mail address: felipe@dgf.uchile.cl (F. Leyton).

other subduction zones world-wide (for a review, see Astiz et al.,
1988).

Intermediate depth, intraplate events are not exceptional in
Chile and have shown considerable destructiveness, causing a
great amount of damage and life losses (Kausel, 1991). For exam-
ple, Chillán, 1939 (Ms = 7.8), with an estimated depth of 80 km
(Campos and Kausel, 1990; Beck et al., 1998) destroyed 60% of
the housing and caused more deaths than the largest earthquake
in the instrumental history: Valdivia, 1960 (Mw = 9.5), an inter-
plate, thrust event. Likewise, Santiago, 1945 (Ms = 7.1), with an
estimated depth of 70 km (Barrientos et al., 1997), reached intensi-
ties MMI close to VII in the most populated city in Chile, Antofagasta,
1950 (Ms = 8.0) with a depth of 90 km and an epicenter in the
border between Chile and Bolivia (Kausel and Campos, 1992), La
Ligua, 1965 (Ms = 7.5) with a depth of 70 km (Malgrange et al.,
1981), reached intensities between MMI VI and IX, leaving great
destruction in Illapel, Combarbalá, La Ligua, Valparaíso, and San
Felipe. The Punitaqui, 1997 (Mw = 7.1) event with a depth of 58 km
(Pardo et al., 2002; Lemoine et al., 2001) left great losses in the
epicentral region. Even more, Astroza et al. (2002) have shown
strong differences in the destructiveness between intraplate and

0031-9201/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.pepi.2008.03.017
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Fig. 1. Schematic cross-section of the subduction in Chile. Large arrows indicate
the sense of motions of the plates. Gray areas indicate the location of both kinds
of earthquakes studied in this work: interplate and intermediate depth, intraplate.
Inverted triangles (1 and 2) indicate the location of stations used in the synthetics
seismograms.

intermediate depth, intraplate earthquakes. Indeed, they showed
that intraplate earthquakes reach intensities of almost two points
in MMI larger than interplate events in the epicentral region,
despite the fact that the peak ground accelerations are very similar
(Saragoni et al., 2004).

Previous studies (mostly using global, teleseismic data) have
shown certain differences between interplate and intraplate earth-
quakes, specially taking into account the seismic source (Kanamori
and Anderson, 1975; Scholz et al., 1986; Kausel and Campos, 1992;
García et al., 2004). In the present work, we search for differ-
ences between interplate, thrust events and intermediate depth,
interplate earthquakes in Chile. We focus on specific source char-
acteristics to make both kinds of events comparable (such as seismic
moment, corner frequency, seismic energy, and apparent stress
drop) and work with recordings only at regional distances (less
than 600 km) to avoid inexactitudes or differences by using regional
and teleseismic data (Singh and Ordaz, 1994; Pérez-Campos et al.,
2003).

2. Data

We used data from regional recordings of seismic events in cen-
tral Chile (see Tables 1 and 2, and Fig. 2) that occurred between
November, 1999 to January, 2006, magnitudes ranging from 3.5

Table 1
Location parameters of small, interplate events used in this study.

Code Date Latitude Longitude Depth (km)

1 11/4/1999 −32.689 −71.715 30.0
2 11/17/1999 −32.707 −71.794 27.1
3 11/17/1999 −32.712 −71.790 25.9
4 11/18/1999 −37.020 −72.650 33.0
5 11/21/1999 −36.490 −72.630 46.0
6 11/28/1999 −32.724 −71.750 27.3
7 12/5/1999 −34.076 −72.349 43.0
8 12/9/1999 −36.323 −72.457 35.4
9 12/9/1999 −36.155 −72.558 33.7

10 12/9/1999 −32.761 −69.185 13.6
11 12/14/1999 −33.264 −68.954 19.1
12 12/20/1999 −36.900 −73.230 33.0
13 12/20/1999 −36.855 −73.463 17.7
14 12/23/1999 −36.970 −73.340 21.4
15 1/27/2000 −33.498 −72.204 40.3
16 2/10/2000 −33.584 −71.967 13.2
17 3/5/2000 −33.107 −71.268 53.8
18 3/26/2000 −32.680 −71.885 13.8
19 3/26/2000 −32.649 −71.875 23.7
20 7/27/2000 −37.240 −73.520 30.0
21 7/27/2000 −37.090 −72.810 33.0
22 8/3/2000 −37.140 −73.880 33.0
23 8/13/2000 −36.340 −72.600 47.0
24 9/3/2000 −35.857 −73.233 35.5

Table 2
Location parameters of small, intermediate depth, intraplate events used in this
study.

Code Date Latitude Longitude Depth (km)

1 11/6/1999 −34.724 −70.957 93.6
2 11/14/1999 −33.175 −70.334 97.8
3 11/20/1999 −37.069 −71.611 134.5
4 12/14/1999 −32.910 −70.048 123.4
5 1/10/2000 −33.197 −70.167 109.1
6 2/2/2000 −34.267 −70.673 101.4
7 2/5/2000 −34.019 −70.978 71.9
8 2/14/2000 −33.081 −70.368 101.2
9 3/5/2000 −33.655 −70.530 102.1

10 3/11/2000 −33.508 −70.872 72.0
11 5/3/2000 −36.330 −72.140 69.0
12 5/5/2000 −36.360 −72.080 69.0
13 5/19/2000 −37.290 −72.420 74.0
14 5/2/2000 −37.680 −71.700 94.0
15 6/20/2000 −39.396 −72.163 88.2
16 8/6/2000 −35.060 −71.170 99.0
17 8/8/2000 −32.740 −70.820 74.0
18 9/9/2000 −36.740 −71.880 92.0
19 8/19/2000 −33.920 −70.260 115.0
20 8/22/2000 −37.064 −72.082 164.4
21 9/5/2000 −33.912 −70.362 121.4
22 9/6/2000 −32.907 −70.371 105.0

to 6.5, with a subset of them with known focal mechanisms
(from Harvard CMT Project); they were located using the Chilean
Seismological Network, shown in white triangles in Fig. 2. We
used recording from accelerometers and broadbands with known
instrumental response and great dynamic range, enabling the
computation of the true ground displacement. We limited the
observations to epicentral distances ranging from 50 to 600 km;
nevertheless, we also discarded any recording with low signal-to-
noise ratio. All traces were sampled at 50 samples per second and,
for each one, we removed the instrument response in the frequency
domain and filtered with a 2-pole, Butterworth filter between 0.01
and 24 Hz, removing any numerical amplification produced at the
lower frequencies due to deconvolution.

The classification criteria into interplate or intermediate depth,
intraplate events was defined using the characteristics of the sub-
duction zone in this particular region (Tichelaar and Ruff, 1993;
Belmonte-Pool, 1997): it extends down to 45–50 km depth and up
to 200 km from the trench (∼100 km from the coast). This broad
classification could lead to errors by including events from the
accretionary prism in the interplate group. We also analyzed seis-
micity profiles perpendicular to the trench, as shown in Fig. 3. This
figure presents two profiles at (a) 33.5◦S and (b) 36.5◦S perpen-
dicular to the trench, including all earthquakes within 0.5◦ North
and South; in red are shown the interplate events while in blue are
the intermediate depth, intraplate ones. Those with known focal
mechanism are plotted with beach balls in cross-section. Note that
intraplate events lie right below Santiago (Fig. 3(a)) and Chillán
(Fig. 3(b)), 2 very large cities in Chile. Even more, intermediate
depth, intraplate events have epicenters that usually lie in highly
populated regions: Chilean Central Valley. This feature enhances
the importance of our results in the Seismic Hazard assessment in
Chile.

3. Methodology

3.1. Source parameters

To compare both kinds of events, we compute source parameters
following the work of several authors; here, we do not present the
entire derivation, but rather show the most important relations (for
more details, see Leyton, 2001). These techniques are based on the
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Fig. 2. Maps showing the location of the study and the events used ((a)–(c)). In red we present interplate earthquakes, while in blue, the intermediate depth, intraplate ones.
We used beach balls to plot those events with known focal and circles for those without. White triangles mark the position of the Chilean Seismological Network used to
locate the events; those with names represent stations used in the waveform analysis (either accelerometers or broadbands with known instrumental response). Labels over
beach balls correspond to CMT codes (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.).

analysis of body waves (either compressional P waves or shear S
waves), done mostly in the frequency domain; therefore, a crucial
point is the isolation of the arrival of a single body wave from the
rest of the seismogram.

Firstly, we follow Brune’s (1970) work of a simple model for
circular seismic source (based on the omega square model of Aki,
1967), commonly used in this kind of studies (Abercrombie, 1995;
Ordaz and Singh, 1992; Singh et al., 1999, 2000; Ide and Beroza,
2001; Ide et al., 2003; Kilb et al., 2003; García et al., 2004). Basically,
Brune (1970) describes the spectrum of the displacement produced

by a seismic source, in the far field (U(f)), as:

‖U(f )‖ = Fc�

4��c3G(r)
· M0

1 + (f/f0)2
, (1)

where Fc represents the radiation pattern, � is the friction coef-
ficient, � and c are the density and wave velocity at the source,
respectively, G(r) is the geometrical spreading, with r the hypocen-
tral distance, M0 is the seismic moment, and f0 the corner frequency.
We include a correction for attenuation and scattering multiplying
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Fig. 3. Cross-section at (a) 33.5◦S and (b) 36.5◦S showing the events used in this
study. In red we present interplate earthquakes, while in blue, the intermediate
depth, intraplate ones. We used beach balls (vertical projection) to plot those events
with known focal and circles for those without. In light gray is shown the background
seismicity recorded from 2000 to 2006 by the Chilean Seismological Service (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of the article.).

the amplitudes by the factor

exp
(

f�r

Qc

)
, (2)

where Q is the attenuation coefficient (Singh et al., 2000).
For the computation of the seismic moment (M0), we take the

limit of the displacement at 0 frequency (�)

lim
f →0

‖U(f )‖ ≡ ˝ = Fc�

4��c3G(r)
M0. (3)

Therefore, to compute the seismic moment (M0), the corner fre-
quency (f0), and the attenuation factor (Q) we manually fit Brune’s
model to the displacement spectrum of a particular body wave. Note
that the estimation of corner frequency (f0) and attenuation factor
(Q) is specific for each body wave (either P or S); while the final seis-
mic moment is taken as the average between the estimations made
for P and S. An example is shown in Fig. 4, where we present the fit
for an event in the frequency domain (bottom); the resulting param-
eters are shown in the lower right (see figure caption for details).
Note how the Brune model is adjusted in the frequency band where
the data is above the noise level (between 0.6 and 20 Hz). This pro-
cess is repeated for each event, independently from its classification
(interplate or intraplate), leading to estimations of M0, f0, and Q for
each one.

Secondly, we evaluate the seismic energy (ES) released by an
earthquake following the methodology described by Boatwright
(1980) and Boatwright and Fletcher (1984) based on the compu-
tation of the energy flux of a plane wave. Neglecting the effect of
directivity, they obtained that

ES = 4�C2
f r2

( 〈Fc〉
Fc(�, �)

)2

εc(x) (4)

where Cf represents the free surface coefficient, 〈Fc〉 is the average
of the radiation pattern over the focal sphere (0.52 for I waves and

Fig. 4. Top: Seismogram of the vertical component recorded in Tololo (TLL), in (m/s);
the gray box marks the time window used in the analysis. Bottom: Displacement
spectrum, in (ms), of the data (solid line), noise (dotted line), and the resulting Brune
model (dashed line). The corresponding parameters are shown in the lower right.

0.63 for S waves, from Aki and Richards, 2002), and εc(x) = �cJc(x)
is the flux of energy radiated by the seismic wave of velocity c (with
the other variables already defined). The most important parameter
involved in these computations is Jc (Singh and Ordaz, 1994; Pérez-
Campos et al., 2003) defined by Boatwright (1980) as

Jc(x) =
∫ ∞

0

u̇2(x, t)dt. (5)

Snoke (1987) showed a stable way of evaluating Jc(x) by cor-
recting the velocity spectrum known in a limited frequency band,
considering Brune’s model (Eq. (1)):

Jc(x) = 2

∫ ∞

0

‖V(f )‖2df = 2
3

‖V(f1)‖2 · f1

+2

∫ f2

f1

‖V(f )‖2df + 2‖V(f2)‖2 · f2 (6)

where V(f) stands for the velocity spectrum and we used Parseval’s
Theorem. In order to correct for attenuation and scattering, we mul-
tiply by the factor described above (Eq. (2)) with its corresponding
attenuation coefficient (Q). The process is repeated for both P and
S waves, and, finally, the total energy is computed by adding both
contributions (Boatwright and Fletcher, 1984; Ide et al., 2003).

An example of these computations is presented in Fig. 5; note
the selection of the frequency band where the data is above the
noise level, here ranging from f1 = 0.2 Hz and f2 = 20 Hz (Fig. 5(b)),
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Fig. 5. (a) Vertical component of a seismogram recorded in Calán (CL2), in (m/s). (b) Velocity spectrum of noise (dashed) and data (solid) of the vertical component. (c) Sum
of the square of the 3 components, in time. (d) Integral of the sum of the 3 components, in time. (e) Velocity spectrum of the sum of the square of the 3 components, with
(solid) and without (dashed) attenuation correction. (f) Integral of the sum of the square of the 3 components, in frequency, with (solid) and without (dashed) attenuation
correction.

limits where we do the computations in the frequency domain. We
performed the calculations in the time domain (Fig. 5(d)) and fre-
quency domain (Fig. 5(f)) to control the effect of the correction due
to attenuation.

Finally, we compute the apparent stress drop (�a) following
Wyss and Brune (1968):

�a = �
ES

M0
(7)

in terms of parameters already defined. The apparent stress drop
does not have a clear interpretation in terms of physical properties;

however, it can be regarded as the energy released per static size
of the earthquake (Kanamori and Heaton, 2000). Moreover, consid-
ering that M0 ∼ 〈u〉A (with 〈u〉 being the average displacement over
the fault and A the total fault area), then

�a ∼ ES/A/〈u〉; (8)

hence, �a gives an account of the amount of energy released per
unit fault area, per unit fault split (Aki, 1966; Wyss and Brune, 1968;
Mori et al., 2003; Kanamori and Rivera, 2004).
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Table 3
Model parameters used in the computations of synthetics accelerograms.

Thickness (km) P wave velocity (km s−1) S wave velocity (km s−1) Density (kg m−3)

Layer 50 6.50 3.75 2975
Half space – 8.16 4.71 3370

Table 4
Source parameters for interplate earthquakes studied here; f0 is the corner frequency, M0 the seismic moment, and ES the seismic energy.

Code f0 (Hz) M0 (dyne cm) ES (erg) Code f0 (Hz) M0 (dyne cm) ES (erg)

1 1.2 2.082e+23 5.073e+18 20 0.7 2.659e+23 7.278e+18
2 0.7 8.865e+22 4.104e+16 21 0.8 6.474e+22 2.197e+17
3 1.8 4.927e+22 1.451e+18 22 1.0 3.857e+22 1.920e+16
4 1.6 1.174e+23 1.900e+18 23 2.2 1.052e+22 6.088e+17
5 2.7 2.466e+21 9.466e+16 24 1.3 3.562e+22 4.897e+17
6 3.0 6.028e+21 1.148e+17 100602E 0.4 1.150e+24 7.300e+19
7 1.6 9.434e+22 2.816e+18 072603I 0.8 1.600e+23 1.560e+19
8 2.7 1.652e+21 2.220e+16 111304F 1.1 4.160e+22 3.020e+18
9 3.9 8.133e+20 7.192e+16 200604152350A 0.5 1.850e+24 6.980e+19

10 2.6 3.296e+21 3.261e+15 060203A 0.5 1.100e+25 8.690e+20
11 2.8 2.264e+21 4.087e+15 092704F 0.6 3.230e+24 1.940e+20
12 0.5 6.718e+23 6.493e+18 200503132038A 0.5 1.060e+25 3.650e+20
13 1.3 3.812e+22 1.015e+16 090704F 0.4 2.730e+25 8.830e+20
14 0.7 5.065e+23 4.301e+18 090804A 0.6 1.100e+25 1.330e+21
15 1.6 1.593e+23 2.064e+18 010701C 0.2 4.340e+23 3.450e+19
16 2.5 5.592e+21 1.634e+17 200503291638A 0.4 9.210e+24 1.100e+21
17 3.5 6.349e+21 3.650e+16 200601052251A 0.5 1.340e+24 1.260e+20
18 0.5 1.674e+24 3.584e+18 200512260056A 0.8 6.880e+23 6.680e+19
19 3.3 5.125e+21 2.783e+16

3.2. Theoretical computations

Using an exact discretization in the frequency-wavenumber
domain (Bouchon and Aki, 1977; Bouchon, 1979, 1980, 1981), we
generated synthetic seismograms considering only intermediate

depth, intraplate earthquakes (Fig. 1); we focus our attention on
the effect of the rupture velocity, directivity, and stress drop. The
source was located at 200 km from the trench (contact between
Nazca and south American plates) and at a depth of 65 km; the sta-
tions were placed at the surface, 140 and 190 km from the trench, for

Fig. 6. Synthetics seismograms for an intraplate earthquake (see Fig. 1 and caption for details) with different rupture velocities. On top we present the synthetics at station
1 and on bottom for station 2; while on the left is shown the vertical component and on right the radial. For all of them, kind of line represents a different rupture velocity:
in solid is 70%, in dotted is 80%, and in dashed is 90% of the S wave velocity. Amplitudes are normalized to the maximum
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Table 5
Source parameters for intermediate depth, intraplate earthquakes studied here; f0 is the corner frequency, M0 the seismic moment, and ES the seismic energy.

Code f0 (Hz) M0 (dyne cm) ES (erg) Code f0 (Hz) M0 (dyne cm) ES (erg)

1 2.9 3.019e+21 9.687e+16 16 4.5 2.473e+22 3.161e+17
2 3.2 6.754e+21 3.542e+17 17 3.5 1.744e+21 3.229e+16
3 3.5 1.178e+22 1.869e+17 18 5.8 1.290e+21 6.833e+17
4 3.4 1.030e+22 4.141e+17 19 2.5 7.933e+22 5.050e+17
5 3.7 3.104e+22 3.052e+17 20 3.1 1.562e+22 1.188e+18
6 7.2 3.798e+21 5.166e+18 21 4.8 5.159e+21 4.295e+16
7 3.4 4.149e+21 9.776e+16 22 5.1 3.086e+21 9.320e+16
8 3.6 1.219e+22 3.042e+18 101701A 1.4 1.620e+24 2.370e+20
9 4.0 4.618e+22 2.861e+18 200506080239A 1.3 8.120e+23 1.480e+20

10 5.4 5.217e+21 1.230e+18 200510240455A 1.5 2.950e+25 4.680e+21
11 2.9 5.638e+21 9.149e+17 010703A 0.4 2.470e+25 5.490e+21
12 3.7 6.107e+21 7.025e+17 043004A 0.6 1.670e+25 3.380e+21
13 5.1 1.009e+22 6.659e+17 093002B 0.2 8.950e+23 1.240e+20
14 3.5 4.504e+21 6.617e+17 200503302331A 0.9 4.960e+24 1.390e+21
15 5.3 1.421e+22 2.960e+18

stations 1 and 2, respectively. Note that the stations 1 and 2 (shown
in Fig. 1 as inverted triangles) represent the location of main cities
in Chile: 1 marks the location of large cities at the coast (such as
Valparaíso and Concepción), while 2 marks the locations of cities
in the Central Valley (such as Santiago and Chillán), as can be seen
from the profiles in Fig. 3. We used a simple model to explore only
the effects of the variables mentioned before, presented in Table 3,
and the following focal mechanism:

strike = 0◦

dip = 80◦

rake = ±90◦,

with −90◦ for down-dip propagating source and +90◦ for up-dip
propagating source.

The effect of directivity was considered by comparing the dis-
placements produced by a single point source with a set of 3 point
sources oriented along the fault’s dip, with the rupture front propa-
gating up- or down-dip. Changes in the stress drop were considered
by reducing the fault area and increasing the total displacement
over the fault, in order to keep the seismic moment constant. Vari-
ation in the rupture velocity were considered using an internal
parameter that relates it with the S wave velocity. More details can
be found in Ruiz (2002).

4. Results

We computed the seismic moment (M0), corner frequency (f0),
and seismic energy (ES) from the analysis of body waves in the
time and frequency domain, repeating the procedure for each

Fig. 7. Synthetics seismograms for an intraplate earthquake (see Fig. 1 and caption for details) with different stress drops. On top we present the synthetics at station 1 and
on bottom for station 2; while on the left is shown the vertical component and on right the radial. For all of them, kind of line represents a different stress drop: in solid is

�, in dotted is 3
�, and in dashed is 10
�. Amplitudes are normalized to the maximum.
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Fig. 8. Synthetics seismograms for an intraplate earthquake (see Fig. 1 and caption for details) with directivity effects. On top we present the synthetics at station 1 and on
bottom for station 2; while on the left is shown the vertical component and on right the radial. For all of them, kind of line represents a directivity effect: in solid is the
solution for a point source, in dotted is the solution for a finite source rupturing up-dip, and in dashed is the solution for a finite source rupturing down-dip. Amplitudes are
normalized to the maximum.

event, regardless of its origin (either interplate or intraplate). The
results are presented in Tables 4 and 5 and graphically shown in
Figs. 6 and 7, in blue for intraplate events and in red for inter-
plate; note the dispersion of the results, especially for the smaller
magnitudes. This might be due to two effects: firstly, errors in the
localization of small events causing misclassification of the events
into interplate or intraplate (or even the inclusion of earthquakes

Fig. 9. Relation of seismic moment (M0) with corner frequency (f0). In red we present
interplate earthquakes, while in blue, the intermediate depth, intraplate ones.

from the accretionary prism), and secondly, the signal-to-noise
ratio and the number of observations is larger for larger events,
enabling a better estimation of the source parameters.

Regardless of the scatter in the results, we find a clear
differentiation in source parameters between both kinds of

Fig. 10. Seismic energy (ES) as a function of the seismic moment (M0). In red we
present interplate earthquakes, while in blue, the intermediate depth, intraplate
ones. We also show data from Choy and Boatwright (1995) for interplate events and
from the USGS (2008) (NEIS) for intermediate depth, intraplate earthquakes in red
and blue stars, respectively.
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Fig. 11. Brune’s Model showing an increase of the corner frequency (f0), in displacement (||U(f)||) and acceleration (||A(f)||) spectrums.

events. Indeed, intermediate depth, intraplate events present
larger corner frequencies (Fig. 6) and seismic energy (Fig. 7), for
a given seismic moment, compared to interplate earthquakes.
This is consistent with the idea of differences in the source
as suggested by Scholz et al. (1986), where intraplate earth-
quakes would present a higher frictional strength than interplate
earthquakes.

As mentioned earlier, Fig. 6 presents a clear differentiation
between both kinds of events: intermediate depth, intraplate earth-
quakes have larger corner frequencies compared to interplate
events. Considering Brune’s model, the displacement spectrum for
intraplate earthquakes will present more energy in higher frequen-
cies (see Fig. 8) and, in the acceleration spectrum, it will present
an increase of the plateau (˝f 2

0 in Fig. 8). From this result we
can conclude that, as an average, the accelerations will be larger
for intraplate earthquakes. This effect will produce an increment
in the Arias intensity (Arias, 1969) which might explain the large
amount of destruction that this kind of events have shown in the
past.

Some authors have suggested that the apparent stress drop
might increase with magnitude (e.g. Archuleta et al., 1982;
Archuleta, 1986; Abercrombie and Leary, 1993; Abercrombie, 1995;
Kanamori and Heaton, 2000; Mori et al., 2003); although, recent
studies have questioned this result (Ide and Beroza, 2001, 2001;
Ide et al., 2003). We tested this hypothesis by comparing our
results with those published by Choy and Boatwright (1995)
and the USGS (2008) for large earthquakes in the same study
region (stars in Fig. 7). We found a great coherency between the
behavior of small (Mw ∼ 3.0) and large earthquakes (Mw ∼ 8.0),
especially for interplate events. However, the predicted tendency
might be beyond the resolution of the computations presented
here (Abercrombie, 1995; Kanamori and Heaton, 2000; Mori et
al., 2003). Note that, in the range of seismic moment between
1025 and 1026 dyne cm, data from Choy and Boatwright (1995)
and USGS (2008) lie below ours; we believe that this difference
is due to the use of teleseismic versus regional data, as pre-
viously reported (Singh and Ordaz, 1994; Pérez-Campos et al.,
2003).

We computed synthetics seismograms using an exact discretiza-
tion in the frequency-wavenumber domain (Bouchon and Aki,
1977; Bouchon, 1979, 1980, 1981) and considered the effect of
the rupture velocity, directivity, and stress drop for intermedi-
ate depth, intraplate earthquakes (Figs. 9–11). From Fig. 9 we can
see that changes in the rupture velocity affect the results only
in a minor way; nevertheless, changes in the stress drop and
directivity (propagating up-dip) do affect the amplitudes consid-
erably (Figs. 10 and 11). Moreover, their effects are very similar on
the synthetics: increase in amplitude and decrease in the dura-
tion of the signal, leading to an increase in corner frequency;
therefore, the effect of directivity produces an increase in the

apparent stress drops, just like a real increase in the static stress
drop.

5. Conclusions

We computed some source parameters for a group of events
from the Chilean subduction zone, with magnitudes ranging from
3.5 to 6.5, divided into two categories: interplate earthquakes and
intermediate depth, intraplate earthquakes. Despite the dispersion
in the results, we found a clear difference between both kinds of
events. Indeed, intraplate earthquakes show larger corner frequen-
cies and seismic energy release than interplate events, for a given
seismic moment (static size).

Comparing our results with those published by Choy and
Boatwright (1995) and the USGS (2008), we can conclude that inter-
plate earthquakes (and in a less clear way intraplate events) follow
the same behavior in small (Mw ∼ 3.5) and large (Mw ∼ 8.0) magni-
tudes, without any apparent tendency to decrease with magnitude,
as previously suggested (Abercrombie, 1995; Kanamori and Heaton,
2000; Mori et al., 2003). Therefore, we believe that our results might
be extendable to higher magnitudes, even to great earthquakes.

From the synthetics computations, we can conclude that the
main effects in the displacements for intermediate depth, intraplate
earthquakes come from the directivity effect of an up-dip propa-
gating source and changes in the static stress drop, resulting in an
increase in the corner frequency and in the apparent stress drop.
Hence, the differences between interplate and intraplate earth-
quakes observed in this study could be due to directivity, differences
in static stress drop, or both. Independently of the cause, intermedi-
ate depth, intraplate events present larger release of seismic energy
per static size of the event (seismic moment) compared to inter-
plate earthquakes. These results have a great significance for the
assessment of the Seismic Hazard in Chile because a different kind
of earthquake has to be taken into account, especially for large cities
located in the Central Valley.
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