@ Pergamon

PII: S0895-9811(98)00005-4

Journal of South American Earth Sciences, Vol. 11, No. 2, pp. 115-129, 1998
© 1998 Published by Elsevier Science Ltd. All rights reserved
Printed in Great Britain

0895-9811/98 $19.00 + 0.00

Source characteristics of historic earthquakes along the central
Chile subduction zone

1S. BECK, °S. BARRIENTOS, %E. KAUSEL and °M. REYES

'SASO and Department of Geosciences, University of Arizona, Tucson, AZ 85721, U.S.A.
“Department of Geophysics, University of Chile, Santiago, Chile

Abstract — We have analyzed four large to great historic earthquakes that occurred along the central Chile subduction
zone from north to south on November 11, 1922 (M;=8.3), April 6, 1943 (M;=7.9), December 1, 1928 (M;=8.0) and
January 25, 1939 (M, =7.8). Waveform modeling and P-wave first motions indicate that the 1922, 1928 and 1943 earth-
quakes are shallow and consistent with underthrusting of the Nazca Plate beneath the South American plate. In contrast,
the 1939 earthquake is not an underthrusting event but rather a normal fault event within the down-going slab.

The 1922 earthquake is by far the largest event with a complex source time function showing three pulses of moment
release and a duration of 75s. The 1943 earthquake has a simple source time function with one pulse of moment release
and a duration of 24 s. This event had a local tsunami of 4 m and a far-field tsunami height in Japan of 10-30 cm. The
1928 earthquake also has a simple source time function with a duration of 28 s. The aftershocks and highest intensities
are south of the epicenter indicating a southward rupture with most of the seismic moment release occurring 50-80 km
south of the 1928 epicenter but still north of the adjacent 1939 earthquake region. The 1939 Chillan earthquake was not
an underthrusting but rather a complex normal fault earthquake. Our preferred model is a normal fault mechanism at a
depth of 80 to 100 km with two pulses of moment release and a total duration of approximately 60 s. The high intensi-
ties, lack of a tsunami, and inland location associated with the 1939 event are all consistent with an intraplate event
within the down-going slab. The 1939 earthquake was clearly more destructive than the other similar size or larger
events. This may in part be due to the intraplate nature of the event but also due to high amplification of the sites in the
Central Valley of south central Chile. © 1998 Published by Elsevier Science Ltd. All rights reserved

Resumen — Se analizan cuatro grandes terremotos, ocurridos a lo largo de la zona de subduccion en Chile central. Estos
eventos sismicos, de norte a sur, son: Nov. 22, 1922, en Copiapo-Vallenar, Ms=8.3; Abril 6, 1943 en Illapel-Combar-
bala, Ms=7.9; Dic. 1, 1928, en Talca, Ms=38.0 y Enc. 25, 1939, en Chillan, Ms=7.8.

Las formas de onda y polaridad del primer arribo de las ondas P a diferentes estaciones indican que el mecanismo focal
de tres de estos terremotos es consistente con el fallamiento inverso de bajo angulo producido por el desplazamiento de
la placa de Nazca bajo la placa Sudamericana. Sin embargo, el terremoto de 1939 no presenta estas caracteristicas sino
que es producto de un fallamiento normal que ocurre en el interior de la placa que subducta.

El terremoto de 1922 es, sin duda alguna, el evento mas grande de esta serie. La funcion de tiempo en la fucntc es com-
pleja, de 75 s de duracion, y se compone de tres pulsos que representan diferentes etapas de liberacién de momento. La
deformacion en el fondo oceanico asociada a este evento produjo como consecuencia un tsunami que alcanzé una altura
de 7m en la costa de la region epicentral (Caldera-Coquimbo), en tanto que en Japon alcanzé una altura de 30-70 cm.
El evento de 1943 presenta una funcion de tiempo en la fuente relativamente simple que se compone de s6lo un pulso de
liberacion de momento de 24 s de duracion. El tsunami generado alcanzoé localmente una altura de 4m y 10-30cn en
Japon. Por otra parte, el terremoto de 1928 también presenta una funcién de tiempo simple, de 28 s de duracion. Para
este ultimo terremoto, tanto las réplicas como las mayores intensidades se localizan hacia el sur del epicentro indicando
la existencia de un frente de ruptura que se propaga hacia el sur. La mayor liberacion de momento se localiza a unos
50-80 km hacia el sur del inicio de la ruptura, pero ain fuera de la region involucrada en el terremoto de 1939. El tsu-
nami producido fue del orden de 1 m frente a las costas de la region epicentral. Por otra parte, el terremoto de 1939 no
ocurre sobre una falla inversa de bajo angulo como los anteriores, sino que sobre una falla normal. Nuestra mejor solu-
cion corresponde a un fallamiento producto de un campo tensional, a unos 80-100 km de profundidad, con dos pulsos
de liberacion de momento y de una duracion total cercana a los 60 s. Las altas intensidades, ausencia de tsunami y la
localizacion epicentral hacia el interior del continente son consistenters con un evento intraplaca al interior de la placa
que subducta. El evento de 1939 ha sido claramenta mas destructivo que otros de tamano similar o mayores. En parte,
esto puede ser debido a las caracteristicas inherentes de los terremotos intraplaca como también a la mayor amplificacion
del movimiento del suelo en los valles del centro-sur de Chile. © 1998 Published by Elsevier Science Ltd. All rights
reserved

INTRODUCTION

The subduction zone along the central coast of Chile
has ruptured in large to great destructive earthquakes
this century (Fig. 1, Table 1). Many, although not all,
of these earthquakes are underthrusting events that
represent the subduction of the Nazca plate beneath
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the South American plate. The historic earthquake
record goes back well beyond this century and began
around 1570 with the first accounts provided by
Spanish settlers. A large number of earthquakes
between 1570 and 1900 have been identified using
intensity distributions, coastal movements, observed
tsunamis, limits of perceptibility, and duration of
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Fig. 1. Map of the largest earthquakes along the coast of
Chile this century. The estimated rupture areas are from
Kelleher (1972). Most but not all these earthquakes are
underthrusting events associated with the subduction of the
Nazca Plate beneath the South American Plate.

shaking (Fig. 2) (Willis, 1929; Heck, 1947;
Berninghausen, 1962; Lomnitz, 1971; Kelleher, 1972;
Nishenko, 1985). The long historic earthquake record
and the large number of big events this century make
the Chile subduction zone ideal for studying the
earthquake cycle. In this study we focus on two seg-
ments of the Chile subduction zone from 26°S-32°S
and 34°S-37.5°S where large earthquakes have
occurred this century as well as historically.

The north central segment (between 26°S and 32°S) of
Chile was the site of two great earthquakes this cen-
tury, on earthquake on November 11, 1922 (M,=8.3)
and the other on April 6, 1943 (M;=7.9). These
earthquakes were damaging, particularly the 1922
event, which produced significant damage along more
than 500 km of the coast (Willis, 1929).

The south central Chile segment (34°S to 37.5°S) has
one of the most complete records of large earthquakes
anywhere (Fig. 2). Two particularly devastating earth-

quakes occurred in adjacent segments along the coast
of central Chile on January 25, 1939 (M;=7.8) and
December 1, 1928 (M;=8.0) and were initially
assumed to be underthrusting events for purposes of
estimating seismic hazards. The 1928 earthquake dev-
astated the cities of Talca and Constitucion and
caused damage from Valparaiso to Concepcion
(Fig. 3). Early reports showed an east-west trend of
maximum intensities for the 1928 earthquake
(Bobillier, 1939). Nishenko (1985) suggested that such
an intensity pattern was more consistent with an
intraplate event rather than an underthrusting event.
The 1939 earthquake was one of the most destructive
events to ever occur in Chile. This earthquake
destroyed 90% of the city of Chillan and approxi-
mately 28,000 people died as a result of this event
(Saita, 1840; Sarasola, 1939; Lomnitz, 1971). There
was no report of a tsunami and the International
Seismological Summary (ISS) gave this event a depth
of 90 km. Campos and Kausel (1990) suggested that
the 1939 earthquake was an intraplate normal event.
This uncertainty in the mechanisms of the 1928 and
1939 events gives rise to a large range of probabilities
(18-100%) for an underthrusting earthquake along
this segment of the subduction zone in the next few
decades (Nishenko, 1985, 1991). Nearly 80% of the
population of Chile resides along or near this segment
of the subduction zone, hence, it is extremely import-
ant to understand the range in fault types that can
give rise to large damaging events.

We have collected and analyzed seismograms (primar-
ily teleseismic P waveforms), intensity data, and tsu-
nami information in order to characterize the source
parameters for the 1922, 1943, 1928 and 1939 earth-
quakes.

DATA AND METHODS

Studying earthquakes prior to the installation of the
WWSSN in 1963 is often difficult due to the sparse
station coverage, the types of instruments, and the
subsequent difficulty of retrieving old data. The use-
able instrumental data sets for earthquakes prior to
1963 are always sparse compared to modern data sets.
However, even a sparse dataset can be very valuable
for determining first order parameters about import-

Table 1. Large to great historic (1906 to 1955) earthquakes along the chile subduction zone

Earthquake m/d/y Origin time h:min:s Lat. Long. Mag. Ref.
08/17/06 00:40: 33.0°8 72.0°W M. 8.4 A&N
12/04/18 11:47:08 26.0°S 71.0°W M;7.6 Abe
11/11/22 04:32:06 28.5°S 70.0°W M;8.3 Abe
12/01/28 04:06:10 35.0°S 72.0°W M8.0 Abe
01/25/39 03:32:14 36.25°S 72.25°W M7.8 Abe
04/06/43 16:07:15 30.75°S T72.0°W M,7.9 Abe
08/02/46 19:18:48 26.5°S 70.5°W M,7.1 Abe
06/05/53 17:16:43 36.5°S 73.0°W M,7.6 Askew

This table is complete for M > 7.6 interplate earthquakes between 1906 and 1955 but is not complete for smaller earthquakes.
References for Magnitudes: A&N, Abe and Noguchi 1983; Abe 1981; Askew et al. 1985
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Fig. 2. Space-time plot of large to great earthquakes along the coast of south central Chile. Solid bars represent significant
earthquakes that are probably underthrusting events. The length of the bar corresponds to the region of highest intensities
and damage along the coast. The hatchured bar shows the location of the 1939 intraplate event. The solid circles represent
smaller events that reported damage in one locality. The 1796 bar represents two events (March 30 and August 24) and the
1819 bar represents 3 events (April 3, 4, and 11). the earthquake size cut off is not uniform along the coast. Compiled from
Lomunitz (1971), Willis (1929), Comte et al. (1986) and Askew and Algermissen (1985).

Fig. 3. Map showing the locations of the earthquakes in this study, and the cities and towns discussed in the text.






