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Tarapaca intermediate-depth earthquake (Mw 7.7, 2005, northern
Chile): A slab-pull event with horizontal fault plane constrained from

seismologic and geodetic observations
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[11 A large (Mw 7.7) intermediate-depth earthquake
occurred on 13 June 2005 in the Tarapaca region of the
northern Chile seismic gap. Source parameters are inferred
from teleseismic broadbands, strong motions, GPS and
InSAR data. Relocated hypocenter is found at ~98 km
depth within the subducting slab. The 21-days aftershock
distribution, constrained by a postseismic temporary array,
indicates a sub-horizontal fault plane lying between the
planes of the double seismic zone and an upper bound of the
rupture area of 60 km x 30 km. Teleseismic inversion
shows a slab-pull down dip extension mechanism on a
nearly horizontal plane. Total seismic and geodetic
moments are ~5.5 x 10*° N.m, with an averaged slip of
6.5 m from geodesy. The earthquake rupture is peculiar in
that the effective velocity is slow, 3.5 Km.s™' for a high
stress-drop, 21-30 MPa. We propose that rupture was due
to the reactivation by hydraulic embrittlement of a inherited
major lithospheric fault within the subducting plate. The
stress-drop suggests that the region of the slab between
planes of the double seismic zone can sustain high stresses.
Citation: Peyrat, S., et al. (2006), Tarapacd intermediate-depth
earthquake (Mw 7.7, 2005, northern Chile): A slab-pull event with
horizontal fault plane constrained from seismologic and geodetic
observations, Geophys. Res. Lett., 33, 122308, doi:10.1029/
2006GL027710.

1. Introduction

[2] The 13 June 2005 at T.O. 22:44:30 (UTC), an
intermediate-depth intraplate earthquake (Mw 7.7) occurred
in the Tarapacé region of northern Chile, below the French-
Chilean permanent GPS network. This is one of the largest
inland earthquakes in northern Chile since the 1950 Anto-
fagasta earthquake (Ms = 8, 9 December 1950). In that
region the Nazca plate dips at approximatively 20°-30°
beneath the South American plate and exhibits a complex
three-dimensional structure [Comte et al., 1994; Rietbrock
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and Haberland, 2001]. Following the earthquake a tem-
porary seismic array was rapidly deployed during a
coordinated postseismic intervention. In North Chile,
between Arica (18°S) and Antofagasta (23.5°S), the last
megathrust earthquake dates back to the 1877 Iquique
Mw ~ 9.0, 10 May 1877) earthquakes that produced
destructive Pacific-wide tsunami [Comte and Pardo, 1991,
Kausel and Campos, 1992]. The northern and southern
segments have been ruptured respectively by the Antofa-
gasta (Mw = 8.1, 30 July 1995) and the Arequipa (Mw =
8.3, 23 June 2001) earthquakes [e.g. Ruegg et al., 1996,
2001; Chlieh et al., 2004]. Others intermediate-depth
earthquakes are reported in northern Chile [Delouis et
al., 1996; Araujo and Sudrez, 1994; Kausel and Campos,
1992], with predominantly down-dip tensional axes, and
have been sometimes associated [Aztiz et al., 1988] to
variation of interplate coupling during the earthquake
cycle. The Tarapacd earthquake is reminiscent of the
1950 Antofagasta down-dip tensional intraplate earthquake.

[3] Intermediate-depths seismicity in northern Chile
delineates a double seismic zone [Rietbrock and Waldhauser,
2004; Comte and Sudrez, 1994], although detailed resolu-
tion remains limited by the uncertainties of the hypocenter
depth locations. At intermediate depths, earthquakes are
thought to be enabled by dehydration of hydrous minerals
[Kirby, 1995; Peacock, 2001; Jung et al., 2004]. The
mechanism by which dehydration triggers earthquakes
remains poorly understood but radiation patterns of inter-
mediate-depth events suggest shear dislocation as a primary
mechanism. In the case of a double seismic zone, the
existence of a lower layer of seismicity raises the question
of the presence of hydrous phases into the mantle of the slab
or another mechanism triggers earthquakes here [Kirby et
al., 1996]. In Japan, large intermediate-depth earthquakes
have also been reported to indicate fault planes lying
horizontally between the double seismic zone, e.g. the
1993 Mw 7.9 Kushiro-oki earthquake [Ide and Takeo,
1996].

2. Mainshock and Aftershocks

[4] One week after the mainshock, a temporary seismic
network of eight short-periods (4.5 Hz and 1 Hz sensors;
20-bit and 16-bit continuous recording at 50 Hz) and four
broadband instruments (1 CMG-40 and 3 STS-2, 24-bit
continuous recording at 50 Hz and 40 Hz), was deployed
during a postseismic intervention within the focal area (see

1 of 6


















