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Abstract

The 1943 Illapel seismic gap, central Chile (30—32°S), was partially reactivated in 1997—1998 by two distinct seismic
clusters. On July 1997, a swarm of offshore earthquakes occurred on the northern part of the gap, along the coupled zone
between Nazca and South American plates. Most of the focal mechanisms computed for these earthquakes show thrust faulting
solutions. The July 1997 swarm was followed on October 15, 1997 by the Punitaqui main event (Mw =7.1), which destroyed
the majority of adobe constructions in Punitaqui village and its environs. The main event focal mechanism indicates normal
faulting with the more vertical plane considered as the active fault. This event is located inland at 68-km depth and it is assumed
to be within the oceanic subducted plate, as are most of the more destructive Chilean seismic events. Aftershocks occurred
mainly to the north of the Punitaqui mainshock location, in the central-eastern part of the Illapel seismic gap, but at shallower
depths, with the two largest showing thrust focal mechanisms. The seismicity since 1964 has been relocated with a master event
technique and a Joint Hypocenter Determination (JHD) algorithm, using teleseismic and regional data, along with aftershock
data recorded by a temporary local seismic network and strong motion stations. These data show that the 1997 seismic clusters
occurred at zones within the Illapel gap where low seismicity was observed during the considered time period. The analysis of P
and T axis directions along the subduction zone, using the Harvard Centroid Moment Tensor solutions since 1977, shows that
the oceanic slab is in a downdip extensional regime. In contrast, the Punitaqui mainshock is related to compression resulting
from the flexure of the oceanic plate, which becomes subhorizontal at depths of about 100 km. Analog strong motion data of the
Punitaqui main event show that the greatest accelerations are on the horizontal components. The highest amplitude spectra of
the acceleration is in the frequency band 2.5—10 Hz, in agreement with the energy band responsible for the collapsed adobe
constructions. The isoseismal map derived from the distribution of observed damage show that a high percentage of destruction
is due to the proximity of the mainshock, the poor quality of adobe houses and probably local site amplification effects. © 2002
Elsevier Science B.V. All rights reserved.
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1. Introduction

On October 15, 1997, a magnitude Mw ="7.1 earth-
quake occurred in the Punitaqui region, central Chile,
about 50 km from the coast. It was reported with a
seismic moment of 4.92 X 10" N m (Dziewonsky et
al., 1998), and magnitudes mb= 6.8, Ms=6.7 (NEIC).
The event, known as the Punitaqui earthquake, was
followed by numerous aftershocks with magnitudes
up to Mw=6.6.

Local reports indicate that eight people were killed
and more than 300 were injured. Almost 5000 houses
were destroyed and about 15700 were damaged, with
landslides and rockslides observed at the epicentral
region. The most likely factors that contributed to the
destruction were the proximity of the hypocenter to
populated areas, local site effects related to possible
ground amplification, and poor quality of construction
mainly in adobe.

The Punitaqui earthquake was an event of inter-
mediate depth (68 km), located within the oceanic
slab, below the deeper part of the coupled zone
between Nazca and South American plates. Its focal
mechanism indicates normal faulting (Dziewonsky et
al., 1998) due to compression along the downdip in-
terplate direction, while its two largest aftershocks
that occurred on November 3, 1997 Mw=6.2, mb=
6.2), with epicenter located inland close to the main
shock at shallower depth (52 km), and on January 12,
1998 (Mw=6.6, mb=5.8) located updip at the in-
terplate contact, both show thrust focal mechanism
(Fig. 1).

About 3 months before the main event, during
July 1997, a sequence of moderate magnitude earth-
quakes occurred offshore between 29.7°S and
30.8°S. At least 13 shallow earthquakes related to
thrust faulting were reported in the Harvard Centroid
Moment Tensor catalogue (HCMT) (Dziewonsky et
al., 1998). Four of them had magnitude larger than
6.0. The largest one occurred on July 6, Mw=6.8

(Fig. 1). Although this last event, with magnitude
comparable with that of the Punitaqui earthquake,
was located at about 50 km from the populated city
of Coquimbo, small damages and low intensities
were reported there.

The last great thrust earthquake in the region
occurred on April 6, 1943 (Mw=7.9) with a rupture
zone between 30°S and 32°S along the Nazca—South
American interplate contact (Kelleher, 1972; Beck et
al., 1998). The October 15, 1997 Punitaqui earthquake
and the July 1997 offshore earthquakes sequence oc-
curred in the central downdip and the northern updip
segments of the 1943 rupture zone (Fig. 1) and,
therefore, partially reactivated them.

Due to the lack of local seismological stations, the
earthquakes in the area were relocated using tele-
seismic and regional data, including local data from
a strong motion instrument and a small temporary
seismic network deployed for several days after the
mainshock. The HCMT fault plane solutions were
also used to analyze the stresses acting along the sub-
duction zone.

Considering that events in Chile within the oceanic
slab (Mw >7), such as the Punitaqui earthquake, have
produced more damage in the epicentral area than
other subduction earthquakes of the same size, and the
fact that the Punitaqui event is the only one with
locally recorded data, the aim of this work is to an-
alyze this last event in order to correlate its source
parameters with the reported damage and to suggest a
plausible tectonic model for its occurrence.

2. Seismotectonic setting

The region of study is in the zone (27-33°S)
where the dip of the subducted Nazca plate becomes
nearly horizontal at depths of about 100 km, and
remains subhorizontal for more than 250 km beneath
the Andes and Argentina before continuing its descent

Fig. 1. (Top) Isoseismal MSK of the October 15, 1997 Punitaqui earthquake (dashed contour), along with the relocated epicenters of events
during 1997 and 1998 with mb>4.5 (open circles) and Mw > 6 (stars). Epicenters from data recorded by a short-period temporary seismic
network (triangles) are shown as gray circles. Some cities and villages are presented for reference (diamonds). Arrows indicate the maximum
horizontal acceleration recorded at the nearest strong motion instrument in Illapel. The 1943 earthquake rupture length (vertical gray line) is also
shown. (Bottom) Projection of the 1997—1998 seismicity on E—W cross-section along 31°S. Focal mechanisms of the events Mw > 6.0 are
plotted on a lateral back hemispheric projection, showing P and T axes (black and white dots). A sketch of the Wadati—Benioff zone is shown

(dashed line).
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into the mantle (Cahill and Isacks, 1992). This nearly contact, (2) a highly compressed continental crust
horizontal slab geometry characterizes the general with back-arc seismicity and crustal shortening, and
tectonic of the zone: (1) a strongly coupled interplate (3) an absence of active Quaternary volcanoes.
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The Punitaqui earthquake and the July 1997 off-
shore earthquake sequence occurred within the rupture
zone of the last great thrust earthquake in the region
(April 6, 1943, Mw =7.9 Illapel earthquake) between
30°S and 32°S (Kelleher, 1972; Beck et al., 1998).
This earthquake generated a local tsunami of 4—5 m.
The P-waveform modeling of Beck et al. (1998) shows
a single pulse of moment release in a source time
function with a duration of 24—28 s and an estimated
seismic moment of 6 X 10°° N m (Mw="7.9). This
suggests that the event can be associated with the
break of a uniform asperity within the zone.

The 1943 segment is known to have ruptured
previously by the great central Chile earthquake on
July 8, 1730 (M ~ 8.7;30.5-36°S) and by an event on

August 15, 1880 (Ms ~ 7.7; 30.5-32°S) (Nishenko,
1991). As with the 1730 event, it is possible that the
great May 13, 1647 (Ms=8.5) and November 19,
1822 (Ms=8.5) earthquakes with main rupture to the
south of this region (Comte et al., 1986) ruptured as far
north as the southern part of this segment. The 1943
segment is limited to the south by the rupture zones of
the 1965, 1971 Aconcagua (both Ms=7.5) and 1906
Valparaiso (Ms=8.3) earthquakes (Kelleher, 1972;
Malgrange et al., 1981; Korrat and Madariaga, 1986;
Comte et al., 1986). To the north, it is limited by the
rupture zone of the 1922 Atacama (Ms=28.3) earth-
quake (Beck et al., 1998). All of these events are
underthrusting earthquakes related to the subduction of
the oceanic Nazca plate at a convergence rate of about
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Fig. 2. (Top) Relocated epicenters of events mb>4.5, from 1997 to 1998 (gray circles). The focal mechanisms are presented on a lower
hemispheric projection. The focal mechanisms of the Punitaqui mainshock and its largest aftershocks are indicated, as for the largest event of the
offshore sequence of July 1997. The main cities in the zone are indicated as solid diamonds. (Bottom) Cross-section along 31°S. Focal
mechanisms are shown on a lateral projection indicating the date of occurrence of the related earthquake.
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8.0 cm/year in a N78<E direction beneath the over-
riding South American plate (DeMets et al., 1994).

3. Data and processing

The events which occurred in the studied region
between 1964 and 1998 were relocated using the P, pP
and S waves arrival times recorded by the worldwide
seismological network and reported by international
agencies. For the events during 1997 and 1998, we
include the data from the digital network of the Uni-
versity of Chile (15 stations), about 300 km to the south
of the study region. Data from stations in Argentina
were provided by INPRES for the 1997 events with
magnitude larger than 6.0. We also used local data from
an accelerometer with GPS timing installed in Punita-
qui between October 17 and November 19, 1997, and
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from a temporary network of six short-period stations
deployed between November 22 and 25 (Fig. 1).

With this data set, the aftershock on November 3,
1997 MMw =6.2), recorded locally by the digital strong
motion instrument installed in Punitaqui, was deter-
mined as a master event for the relocation procedure.

Due to the intermediate size of the master event,
there is a low intersection between the stations that
recorded this event with the ones that reported phase
readings for the earthquakes that occurred before
1997. Hence, for these earthquakes, the master event
method cannot be applied and we used the Joint
Hypocenter Determination technique (Dewey, 1971)
in order to relocate the events between 1964 and
1996.

The seismicity between 1997 and 1998, mb >4.5,
was relocated using the master event method (Dewey,
1971), with the phase readings reported by the

Table 1

Relocated hypocenters and source parameters, 1997—1998

Date Time Latitude Longitude Depth mb Mw Mo 10"  P-axis T-axis Str. (°) Dip (°) Rake (°)
(YMD) (UTC) (°S) °W) (km) (N m) Az(C) PL(C) Az() PL()

970309 11:43  29.73 71.11 62 55 62 20.6 279 11 111 79 6 34 86
970310  03:53  29.75 71.18 51 52 5.7 3.67 277 7 78 83 10 38 94
970609 14:45 3191 71.58 57 49 52 0.70 239 38 123 29 266 39 -9
970706  09:54  30.04 71.93 12 58 6.8 197 269 24 87 66 0 21 92
970706  23:15  30.17 71.92 21 53 5.7 5.08 270 21 101 68 352 24 80
970719 12:22 29.54 72.05 33 58 5.9 7.54 258 9 156 54 315 47 40
970721 17:54  30.03 71.90 31 49 54 1.76 269 24 71 65 14 22 109
970721 23:19  30.34 72.00 12 52 59 8.61 275 21 57 64 29 27 123
970722 02:09 30.36 71.90 17 49 54 1.77 308 26 153 61 14 21 59
970724 19:54  30.61 72.08 24 50 5.7 3.70 269 14 87 76 0 31 91
970725  06:47  30.50 72.05 14 56 6.1 15.0 264 19 100 70 345 26 78
970725  07:33  30.55 72.00 17 51 6.0 14.4 276 20 110 69 358 25 79
970727  05:21  30.57 71.96 24 56 63 30.5 267 26 90 64 354 19 86
970729  00:31  30.68 72.17 31 49 5.1 0.51 267 2 172 72 340 46 65
970806  22:50  30.68 71.92 14 49 5.6 2.75 274 41 99 49 339 5 63
970818 12:24 2998 72.02 34 50 5.7 423 269 21 82 69 4 24 96
971015  01:03  31.02 71.23 68 68 7.1 492 92 54 257 35 315 12 —128
971103 19:17  30.80 71.26 52 62 6.2 20.6 264 14 88 76 352 31 88
971109  20:23  30.07 71.95 26 52 53 1.03 277 26 146 53 325 29 32
980112 10:14  31.06 71.51 49 58 6.6 86.4 264 18 83 72 355 27 91
980114  06:35  31.77 68.22 107 51 59 9.60 335 66 110 18 176 31 —123
980607 16:10  31.46 67.78 104 56 5.9 8.23 356 48 94 5 148 54 — 145
980729  07:14 3231 71.31 52 63 64 53.7 73 8 187 72 181 40 116
080824  02:45 31.82 69.41 109 50 5.1 0.56 230 72 24 17 102 29 — 106
980911 05:24  30.77 71.27 45 49 5.1 0.47 273 4 175 63 337 47 52
981127 10:27  32.02 69.22 113 52 55 1.90 17 78 113 1 191 45 —107
981211 08:37  31.12 68.90 101 55 54 1.70 175 84 307 4 32 41 -97

Seismic moment Mo and focal mechanisms from HCMT, Mw from Mo (Kanamori, 1997).
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National Earthquake Information Center (NEIC) and
the available regional and local data. A total of 156
events were obtained with hypocenter within a 95%
confidence ellipsoid with major semi-axis of 10 km.
This set includes the Punitaqui mainshock. In order to
check the accuracy of the relocated solutions, the
hypocenter of the aftershocks recorded by the local
temporary seismic network are plotted in Fig. 1,
showing a good agreement with the relocated hypo-
centers.

The relocated seismicity and the focal mechanisms
of the largest events between 1997 and 1998 (Dzie-
wonsky et al., 1998) are plotted in Fig. 2. Their Mw
magnitudes calculated from the seismic moment of
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The earthquakes between 1964 and 1996, with
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Fig. 3. (Top) Relocated epicenter of events mb>4.8, from 1964 to 1996 (gray circles). Focal mechanisms are presented on a lower hemispheric
projection, showing P and 7T axes (black and white dots). The rupture length of the 1943 Illapel earthquake (vertical gray line). (Bottom)
Projection of the 1964—1996 seismicity and focal mechanisms onto an E—W profile at 31°S. The tensional events which locate, on average,
deeper than the thrust events along the plate interface are shown. The 11/09/87 earthquake (Mw=5.2), with similar focal mechanism to the

Punitaqui earthquake, is also presented.
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366 events were relocated, with a solution within a
95% confidence ellipsoid with major semi-axis of 15
km (Fig. 3).

4. The Punitaqui earthquake sequence
4.1. Relocated seismic data

The October 15, 1997 Punitaqui earthquake was
relocated at 31.02°S, 71.23°W and 68 km of focal
depth (Table 1). The reported magnitude was
mb=6.8 (NEIC), and Mw=7.1 was calculated from
its seismic moment of 4.92 X 10'* N m (Dziewonsky
et al., 1998; Kanamori, 1977). The location and focal
mechanism indicate that it is an intraslab earthquake
below the deeper edge of the coupled zone between
Nazca and South American plates. The rupture is
assumed to be along an almost vertical plane
(Lemoine and Madariaga, 1999), with compression
along the dip direction of the downgoing plate (Fig.

).
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The two largest aftershocks occurred on November
3, 1997 Mw=6.2) and on January 12, 1998 (Mw =
6.6). The first one was relocated at the deeper edge of
the interplate contact (30.80°S, 71.26°W, 52 km), and
the second one occurred updip at the interplate zone
(31.06°S, 71.51°W, 49 km) (Table 1). The fault plane
solutions determined for these aftershocks show thrust
faulting (Figs. 1 and 2).

The Punitaqui seismic sequence occurred in the
eastern central segment of the rupture zone of the
1943 Illapel earthquake.

4.2. Strong motion records

The main event was recorded by at least five
analog strong motion instruments without absolute
time, none of which was located into the epicentral
area. The nearest corresponds to the Illapel station
(Fig. 1), which recorded a maximum acceleration of
35% g in the horizontal component (Fig. 4). The
maximum accelerations recorded by the strong motion
instruments at different stations are presented in Table
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Fig. 4. Three component accelerograms of the Punitaqui earthquake (L—Ilongitudinal, V—vertical, T—transversal) recorded with an analog
strong motion instrument at the city of Illapel. Maximum peak accelerations are given on Table 2.
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2. Due to the distance to the source and the pre-event
settings for triggering, the first motion P-wave was not
recorded at these stations. The highest acceleration
corresponds to horizontal motions.

Fig. 5 shows the Illapel record response spectra
amplitude, where the larger value, 1.2g for 5% critical
damping ratio, is obtained between 0.1 and 0.4 s (2.5
and 10 Hz). This value agrees well with the reported
damage in single story houses of low-quality con-
struction.

A digital strong motion instrument was installed
after the main event in Punitaqui (30.83°S, 71.25°W).
Several aftershocks were recorded, among them the
November 3, 1997 event used as master event in the
relocation procedure. The maximum acceleration
recorded for this aftershock is considerably larger
for horizontal motions (Fig. 6). No significant addi-
tional damages were observed from the aftershocks.

4.3. MSK intensities and observed damage
The seismic intensities induced by the Punitaqui

earthquake were determined in several villages and
towns using the MSK intensity scale (Medvedev et

Table 2
Punitaqui main event

Station Location  Epicentral Components Maximum
distance acceleration
(km) (%g)
Tllapel 31°38'S 70 N —-20°E 27
71°10 W N70°E 35
Z 18
Papudo 32°31'S 170 N50°E 9
7127 W N140°E 14
V4 4
Zapallar ~ 32°34'S 175 NS 5
71728 W EW 6
Z 4
Santiago ~ 33°27’S 275 NS 2
FCFM  70°40' W EW 2
Z 1
Santiago  33°28'S 275 NS 2
AISLA 7039 W EW 2
Z 1
Santiago  33°26'S 275 NS 2
CCHC 70°37 W EW 2
Z —

Maximum acceleration from corrected strong motion records.

Spectral Acceleration (g)

0 4 8 1.2 1.6 2.0
PERIOD (sec)

Fig. 5. Three component acceleration response spectra for 5% of
critical damping ratio from the Illapel strong motion recordings of
the Punitaqui earthquake.

al., 1964) and the damage distribution observed in
buildings. Most of these constructions were built after
the 1943 Tllapel earthquake.

The observed damage were classified according to
the grade of damage used in the MSK scale, from
grade 0 corresponding to no damage, to grade 5 that
indicates collapse of the structure (Medvedev et al.,
1964). Using the distribution of the grade of damage
in adobe buildings relative to the intensity (Karnik and
Scenkova, 1984) and the method proposed by Monge
and Astroza (1989), the MSK intensity degree was
determined. On Table 3, a detailed distribution of the
grade of damage for 26 villages and towns affected by
the earthquake is presented with their determined
MSK intensity degree.

The isoseismal map derived from the data of Table
3 and plotted in Fig. 1 shows that the zone with greater
intensities, between VII and IX, is located around the
Punitaqui village. The damages are extended between
Coquimbo and Tllapel (30-31.8°S), from the coast to
the Andes foothills. At Coquimbo and La Serena, the
intensity is less than VI and the affected buildings are
less than 2% of the housing inventory according to the
census of 1992 (INE, 1992).

The maximum intensities zone is located mainly
around Punitaqui, on an extended terrace of alluvial
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Fig. 6. Three component accelerograms of the November 3, 1997 aftershock (L—longitudinal, V—vertical, T—transversal) recorded by a digital
strong motion instrument with GPS timing, installed in Punitaqui village (30.83°S, 71.25°W) after the mainshock. Maximum peak accelerations
are 15% g on the longitudinal component (NS), 17% g on the transversal component (EW) and 6% g on the vertical component (Z).

deposits limited to the north by the Limari river that
crosses the city of Ovalle (Fig. 1). According to official
reports, 33% of the houses in the Punitaqui district had
to be demolished because of severe damages. This
high percentage is related to the great number of poor-
quality adobe houses in the region, the proximity of the
hypocenter to this area and local site effects related to
possible ground shaking amplification in the sedimen-
tary filling of the Punitaqui area.

5. Discussion and conclusions

The relocated seismicity during 1997 and 1998
shows two clusters along the subducted Nazca plate in
central Chile. They occurred in zones where very low
seismicity was observed, at least since 1964 (Figs. 2
and 3). One of them, the offshore July 1997 earth-
quake cluster, made of at least 13 events with magni-

tudes 5.1 <Mw < 6.8, is located off-coast between
29.7-30.8°S and 71.8-72.2°W. The other one is
located inland between 30.8—31.5°S and 71.2—
71.6°W. It is associated with the Punitaqui earthquake
sequence with three events Mw>6 corresponding to
the mainshock and its largest aftershocks (Fig. 2 and
Table 1).

No important earthquake has occurred during 1997
and 1998 at the plate interface downdip of the off-
shore earthquake activity and updip of the Punitaqui
sequence, suggesting that parts of the interplate con-
tact between 30°S and 32°S are still strongly coupled
(Figs. 1 and 2).

5.1. Stress along the subducted slab
The relocated seismicity and the available focal

mechanisms from HCMT can be used to analyze the
stress distribution along the downgoing Nazca plate in
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Table 3
MSK intensities scale and damage distribution in buildings

Village Location Intensity MSK Number of adobe buildings damaged
°S W Grade 0 Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Vicufia 30.03 70.72 VI 42 38 10 0 0 0
Maintencillo 30.17 71.10 <VI 11 3 2 0 0 0
Andacollo 30.23 71.08 VI 32 28 8 1 0 0
El Toro 30.25 71.10 VI 1 18 10 17 7 6
Hurtado 30.28 70.68 VI 33 15 5 1 0 0
Pichasca 30.38 70.87 VI 25 52 13 2 0 0
Samo Alto 30.40 70.93 VI 20 16 9 2 0 0
Ovalle 30.60 71.20 VI 5 54 284 81 12 0
Monte Patria 30.68 70.95 VI-VII 15 27 18 12 10 2
Las Juntas 30.70 70.88 VI 8 4 5 1 0 0
Rapel 30.72 70.77 VII 2 9 10 12 2 1
Los Molles 30.77 70.70 VI 3 2 1 0 0 0
Las Mollacas 30.75 70.65 VI-VII 3 8 4 3 0 2
El Piden 30.82 71.22 VII-I1X 0 0 0 1 0 8
Guatulame 30.83 70.98 VI 7 10 4 3 0 0
Punitaqui 30.83 71.27 VII-VIII 1 12 65 90 37 19
Pueblo Viejo 30.84 71.30 VIl 0 0 18 0 0 2
Manquehua 30.93 71.18 VII 1 0 23 9 2 0
San Marcos 30.95 71.07 VI 16 20 10 7 0 1
La Ligua 31.03 71.03 VI 18 7 3 1 0 0
Cogoti 31.08 70.95 VI 10 15 5 0 0 0
El Soruco 31.10 71.10 VII-VIII 0 0 12 2 1 4
Combarbala 31.18 71.00 VI-VII 22 44 32 0 2 0
Canela Alta 31.38 71.38 VI-VII 6 7 14 0 0 0
Canela Baja 31.40 71.45 <VI 20 4 3 0 0 0
Salamanca 31.78 70.97 VI-VII 2 5 7 1 0 0

Damage scale from no damage (grade 0) to collapsed buildings (grade 5) (Medvedev et al., 1964).

the central Chile zone characterized by a subhorizon-
tal subduction below the overriding South American
plate.

Once the subducted plate becomes subhorizontal at
about 100-km depth, to the east of 70.5°W, the focal
mechanisms indicate normal faulting with tensional 7-
axis parallel to the slab (Figs. 2 and 3). There are no
compressional events along the slab at these depths
for the time period of the HCMT catalogue (1977—
1998). In the region where the oceanic plate continue
its descent into the mantle with a dip of about 30°E
(67—67.5°W), there is no focal mechanism that can be
related to compressional regime. This implies that the
principal stresses along the downgoing slab, once it is
separated from the continental plate, are mainly due to
slab pull, which causes intraslab earthquakes at inter-
mediate depth.

The stress distribution for depths <100 km, around
the Nazca—South America interplate contact, is more

complex. Most of the events exhibit thrust focal
mechanisms down to depths of 50—60 km, about
150 km from the trench, showing compression along
the interface between the downgoing Nazca plate and
the overriding continental plate (Fig. 2). There are a
few normal faulting events that indicate extension
along the dip of the downgoing slab, such as the June
9, 1997 event (Fig. 2) and the events shown in Fig. 3.
Around the lower edge of the interplate contact, there
are some events with reverse faulting mechanism at
depths between 50 and 60 km, indicating horizontal
compression, such as the November 3, 1997 event
(Fig. 2).

Downdip of the deepest part of the interplate
contact, there are only two intraslab events (mb>5)
with focal mechanisms associated with vertical fault-
ing. They show compression parallel to the down-
going slab. One of them is the Punitaqui earthquake
(Figs. 1 and 2) and the other is the September 11,
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1987 event (Mw =5.2) (Fig. 3). Contrary to extension
due to slab pull, these earthquakes indicate compres-
sion along the downdip slab direction.

A local compressive stress field below the end of
the coupled interface can be generated by the unbend-
ing of the oceanic plate as it starts becoming subhor-
izontal at depths of about 100 km. If we assume the
slab to be elastic, the top part of the slab, where it
unbends, should be in compressional stress while the
bottom part of the slab is in tensional stress. In
addition to the Punitaqui earthquake, the load at the
lower part of the coupled interplate zone could be
increased by the updip slip associated with the off-
shore earthquake sequence that occurred during the
previous months. A similar model, but for the ten-
sional stress at the bottom of the slab, had been used
to explain the occurrence of intraslab earthquakes in
the Mexican subduction zone (Cocco et al., 1997).

5.2. Punitaqui, intraslab destructive earthquake

The intraslab Punitaqui earthquake produced much
damage in structures in the zone as a result of the
strong ground motion and possible site-amplification
effects, in addition to the poor quality of construction
materials. In contrast, the largest offshore thrust event
(Mw =6.8) produced almost no damage and was felt
with low intensity at populated cities located at similar
hypocentral distances as the structures that collapsed
during the Punitaqui earthquake. This fact suggests
that the damage potential of earthquakes within the
subducted slab with vertical faulting is higher than
that of thrust events of similar magnitude.

Other destructive intraslab earthquakes have been
observed along the Chilean subduction zone: (1) The
most damaging event in Chile during this century, the
January 25, 1939 Chillan earthquake about 80-km
depth (Ms=7.8, Beck et al., 1998). (2) The March 25,
1965 Aconcagua earthquake (Mw =7.5, Malgrange et
al., 1981), which occurred at about 150 km south of
the Punitaqui earthquake at a depth of 72 km. (3) The
December 9, 1950 Calama earthquake (Ms=38.0,
Kausel and Campos, 1992) at a depth of 120 km.

The Punitaqui earthquake, like all these events
within the subducted Nazca plate, is located inland
with a focal mechanism indicating an almost vertical
rupture plane (Lemoine and Madariaga, 1999). The
radiation pattern for this type of event might generate

larger horizontal maximum amplitudes for S-waves at
the surface than expected for thrust earthquakes of
similar magnitude, implying larger horizontal strong
ground motion. In addition, the inland hypocenter
location under populated areas with poor-quality con-
structions on sedimentary valleys should produce
local amplifications of the ground motion; hence,
more damage is to be expected.
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