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recorded local seismicity along a 130 km long segment of the transpressional
dextral strike-slip Liquiñe-Ofqui fault zone (LOFZ) in southern Chile. Seventy five shallow crustal events with
magnitudes up to Mw 3.8 and depths shallower than 25 km were observed in an 11-month period mainly
occurring in different clusters. Those clusters are spatially related to the LOFZ, to the volcanoes Chaitén,
Michinmahuida and Corcovado, and to active faulting on secondary faults. Further activity along the LOFZ is
indicated by individual events located in direct vicinity of the surface expression of the LOFZ. Focal
mechanisms were calculated using deviatoric moment tensor inversion of body wave amplitude spectra
which mostly yield strike-slip mechanisms indicating a NE–SW direction of the P-axis for the LOFZ at this
latitude. The seismic activity reveals the present-day activity of the fault zone. The recent Mw 6.2 event near
Puerto Aysén, Southern Chile at 45.4°S on April 21, 2007 shows that the LOFZ is also capable of producing
large magnitude earthquakes and therefore imposing significant seismic hazard to this region.

© 2008 Elsevier B.V. All rights reserved.
1. Introduction
Bulk transpressional deformation is expected at continental margins
where the convergence vector is oblique with respect to the plate
boundary zone (e.g. Sanderson and Marchini, 1984; Dewey et al., 1998;
Fossen and Tikoff, 1998). Kinematic models show that transpressional
deformation arising from oblique convergence is accommodated by
distinctive structural styles along and across different plate boundaries,
which mostly depend on the angle of obliquity, defined as the angle
between the convergence vector and thenormal to the trench (e.g. Jarrard,
1986a; McCaffrey, 1992). For small angles of obliquity, transpression is
homogeneously distributed as in the case of the Australian–Pacific plate
boundary in New Zealand (Teyssier et al., 1995). For large angles of
obliquity, complete partition of transpression is expected. This is the case
of the Pacific–North America plate boundary of thewesternUS,where the
SanAndreas Fault takes upmost of the simple shear components (Teyssier
et al., 1995). The general case will be that of heterogeneous transpression
in which discrete domains across the plate boundary accommodate
wrench-dominated or pure-shear dominated transpression (e.g. Fitch,
1972; Fossen et al., 1994; Tikoff and Greene, 1997). However, the nature
sity of Cambridge, Cambridge
9.
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and degree of deformation partitioningwill not only depend on the angle
of obliquity. For instance, thermally weak intra-arc shear zones can
accommodate a significant part of the bulk transpressional deformation
arising from oblique convergence and affecting the predictions of
kinematic models (e.g. De Saint Blanquat et al., 1998). The southern
ChileanAndesprovidesanatural laboratory toexamine thenatureof long-
and short-term transpressional deformation across an obliquely con-
vergent continental margin because of its very well-constrained plate
kinematic history. This shows steady right-lateral oblique subduction of
the Nazca plate beneath South America since 48Mawith the exception of
nearly orthogonal convergence from 26 to 20 Ma (Pardo-Casas and
Molnar, 1987; Somoza, 1998). At present, the angle of obliquity of the
Nazca–South America plate convergence vector is, with respect to the
orthogonal to the trench normal, approximately 18° for southern Chile
(Angermann et al., 1999). The inclination of the Wadati–Benioff zone is
about 30° (Haberland et al., 2006; Lange et al., 2007) in southern Chile and
the age of the subducting Nazca plate decreases from 30 Ma at 38°S to
virtually 0 Ma at 46°S (Müller et al., 1997), where the Chile ridge is
currently subducting (e.g. Herron et al., 1981; Cande and Leslie, 1986).

Available structural and thermochronological data documents that
the intra-arc Liquiñe-Ofqui fault zone (LOFZ) in the Patagonian
Cordillera has accommodated concomitant strike-slip, oblique-slip
and reverse-slip ductile to brittle deformation over the last 6 Ma
(Hervé et al., 1994; Lavenu and Cembrano, 1999; Cembrano et al.,
2002). However, the current deformation state of the arc and the fault
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zone is still poorly known because of the lack of systematic seismic
studies in this remote area of the Andes. A recent event on April 21,
2007 with Mw 6.2 near Puerto Aysén, in the Fjordo Aysén, shows that
the LOFZ is also a capable of large magnitude earthquakes and
therefore imposes a significant seismic hazard to this region. In this
work we present and discuss the first systematic local seismological
study of a 130 km long segment of the LOFZ in the Southern Andes
between 41.5°S and 43.5°S. Inversion of moment tensors from body
waves yield to focal mechanisms which help to constrain the current
stress field along the zone. Furthermore, we compare and combine the
seismic data with previously published long-term structural data.

2. Structural setting and previous seismic data

The working area (box in Fig. 1) is located in the southern part of
the southern volcanic zone (SSVZ) segment (López-Escobar et al.,
Fig. 1. The southern Andes between 36° and 49°S showing the surface trace of the Liquiñe-
catalog). Crustal focal mechanisms attributed to the Liquiñe-Ofqui fault zone (Chinn and Isack
the seismic network which is plotted in Fig. 2. LOFZ after Cembrano et al. (2000), subsidenc
convergence rate is shown after Angermann et al. (1999). Volcanoes plotted as gray triangles
(SSVZ = Southern Southern Volcanic Zone, CSVZ = Central Southern Volcanic Zone) (López-
1993, 1995). The magmatic arc exhibits volcanic activity in the
Quaternary (Siebert and Simkin, 2002) and coincides the location of
the intra-arc shear zone LOFZ (Cembrano et al., 1996). It had been
suggested that the LOFZ controls the location of the larger strato-
volcaoes (Stern, 2004, and references therein). This segment of the
Andes was part of the proto-Pacific margin of Gondwana and consists
of low grade sediments, metabasites, and granitoids which belong to
the Patagonian batholith (Pankhurst et al., 1992). The eastern side of
the LOFZ had been uplifted and exhumed faster compared to the
western side (Adriasola et al., 2006). This kind of margin-parallel
strike-slip faults located in magmatic arcs have also been found in
other subduction zones with oblique subduction (e.g. Jarrard, 1986b).
Based on GPS data Wang et al. (2007) suggest that the LOFZ is the
eastern border of a detached continental sliver which moves north-
ward relative to the continent. Evidence for movement of the LOFZ
since the Pliocene (Cembrano et al., 1996; Lavenu and Cembrano,
Ofqui fault zone (LOFZ), oceanic features and historical focal mechanisms (global CMT
s,1983; Dziewonski et al., 1990) plotted with big circles. The box indicates the location of
e of 1960 earthquake after Plafker and Savage (1970). The Nazca–South American plate
after Siebert and Simkin (2002). Petrographic provinces of the Southern Volcanic zones
Escobar et al., 1993, 1995).

https://www.researchgate.net/publication/302976226_Pankhurst_RJ_Herve_F_Rojas_L_J_Cembrano_1992_Magmatism_and_Tectonics_in_continental_Chiloe_Chile_42-4230'S_Tectonophysics_205_283-294?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/279586070_Active_Andean_volcanism_Its_geologic_and_tectonic_setting?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/277246111_Petrography_and_geochemistry_of_Quaternary_rocks_from_the_Southern_Volcanic_Zone_of_the_Andes_between_4130'_and_4600'S_Chile?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/277246111_Petrography_and_geochemistry_of_Quaternary_rocks_from_the_Southern_Volcanic_Zone_of_the_Andes_between_4130'_and_4600'S_Chile?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/277246111_Petrography_and_geochemistry_of_Quaternary_rocks_from_the_Southern_Volcanic_Zone_of_the_Andes_between_4130'_and_4600'S_Chile?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/277096302_Geochemistry_and_tectonics_of_the_Chilean_Southern_Andes_basaltic_Quaternary_volcanism_37-46S?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/277096302_Geochemistry_and_tectonics_of_the_Chilean_Southern_Andes_basaltic_Quaternary_volcanism_37-46S?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/258936987_Accurate_Source_Depths_and_Focal_Mechanisms_of_Shallow_Earthquakes_in_Western_South_America_and_in_the_New_Hebrides_Island_Arc?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/248820792_Correction_to_Crustal_motion_in_the_zone_of_the_1960_Chile_earthquake_Detangling_earthquake-cycle_deformation_and_forearc-sliver_translation''?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/240379159_Contrasting_nature_of_deformation_along_an_intra-arc_shear_zone_the_Liquine-Ofqui_fault_zone_southern_Chilean_Andes?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/235644617_Postmagmatic_Cooling_and_Late_Cenozoic_Denudation_of_the_North_Patagonian_Batholith_in_the_Los_Lagos_Region_of_Chile_41-4215'S?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/222988193_The_Liquie_Ofqui_fault_zone_A_long-lived_intra-arc_fault_system_in_southern_Chile?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/222988193_The_Liquie_Ofqui_fault_zone_A_long-lived_intra-arc_fault_system_in_southern_Chile?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/222867109_Centroid-moment_tensor_solutions_for_January-March_1987?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==
https://www.researchgate.net/publication/222499725_Space-geodetic_estimation_of_the_Nazca-South_America_Euler_vector?el=1_x_8&enrichId=rgreq-0ac257e56da7f9edc1f3779a8951f20a-XXX&enrichSource=Y292ZXJQYWdlOzI1NTgyNDIxODtBUzoyNjg3OTc5MDcwNDIzMDRAMTQ0MTA5NzgyMzMzMQ==


16 D. Lange et al. / Tectonophysics 455 (2008) 14–24
1999) is well established. Between 40°S and 42°S latitude complete
partitioning of oblique convergence into a margin-normal component
(accommodated by the megathrust) and margin-parallel strike-slip
component (along the LOFZ) has been proposed by Rosenau et al.
(2006).

Crustal seismicity in the magmatic arc is not common for the
southern part of the Andes although it exists in the central Andes at
34°S (Barrientos et al., 2004). For the 1000 km long segment of the
Andes where the LOFZ is located no significant shallow crustal seismic
activity could be observed until now (e.g. Bohm et al., 2002; Rosenau
et al., 2006). Nine events of magnitudes between 5.2 and 6.2 (M) have
been teleseismically recorded over 40 years along the whole LOFZ
(larger focal mechanisms in Fig. 1). However, these earthquake
locations have only limited depth accuracy so that the seismicity
cannot clearly assigned to the shallower crust. The focal mechanism
from Chinn and Isacks (1983) is a 6.0Ms event which was attributed to
an eruption of the Hudson volcano in the year 1965 at 46°S (Rosenau
et al., 2006). Another mechanism (5.2 Mw) from Dziewonski et al.
(1990) has been associated to the 1989 eruption of the Lonquimay
stratovolcano (Barrientos and Acevedo-Aranguiz, 1992). Four recent
earthquakes (events 6–9 in Table 1) near Aysén, Southern Chile, with
magnitudes between 5.3 and 6.2 (Mw), show that the LOFZ is also
capable for producing large magnitude earthquakes and therefore
imposing a significant seismic hazard to this region. The teleseismic
events are distributed at the northern and southern end of the LOFZ,
while for the central segment of the LOFZ no focal mechanisms are
available. All teleseismic focal mechanisms show strike-slip move-
ments which are in agreement with the expected N–S right-lateral
movement along the LOFZ (if we suppose that the selected fault planes
are trending almost N–S). A summary of all teleseismic focal
mechanisms is shown in Table 1. North of 38°S, the LOFZ descends
in the Antiñir-Copahue fault zone for which Folguera et al. (2004)
showed the existence of active faulting. At Lonquimay volcano (38°S),
Barrientos and Acevedo-Aranguiz (1992) observed local seismicity
after an eruption on December 25, 1988. The events were located
beneath the crater of the Lonquimay volcano and did not exceed
depths of 10 km. Other local networks along the LOFZ could not
observe events located directly on the LOFZ so far (Murdie et al., 1993;
Murdie and Russo, 1999; Bohm et al., 2002), or reported only minor
seismicity along the LOFZ (Haberland et al., 2006).
Table 1
Summary of historical fault plane solutions for shallow earthquakes along the LOFZ
derived from teleseismic observations (Chinn and Isacks, 1983; Dziewonski et al., 1990,
2000) and global CMT catalog

Nr. Date/time Lat/Lon Depth [km]
NEIC/CMT

Strike/dip
rake

Magnitude
(Mw)

Reference

1 1965-11-28 45.77°S – 20/60 Ms 6.0 Chinn and
Isacks (1983)03:56 72.90°W 33 −160 –

2 1989-02-24 39.26°S – 110/62 5.2 Dziewonski
et al. (1990)

12:36 48.0 71.83°W 15 23 – Event 129
3 1999-03-27 40.32°S 33 174/72 5.4 Dziewonski

et al. (2000)
11:13 35.6 71.85°W 15 174 – Event 229

4 2004-08-28 −35.21°S 5 21/61 6.5 CMT
13:41 35.4 70.36°W 16 −178 – –

5 2006-12-31 38.04°S 33 031/86 5.5 CMT
14:55 06.6 71.40°W 12 178 – –

6 2007-01-23 45.46°S 32 354/89 5.3 CMT
20:40 15.9 73.07°W 13 −179 – –

7 2007-02-03 45.51°S 10 091/84 5.3 CMT
09:00 19.4 73.03°W 12 −6 – –

8 2007-02-23 45.51°S 25 87/17 5.7 CMT
19:55 50.1 73.08°W 17 −12 – –

9 2007-04-21 45.48°S 36 354/88 6.2 CMT
17:53 48.3 72.95°W 12 176 – –
3. Data acquisition and analysis

Between December 2004 and November 2005 an amphibious
seismic network consisting of 18 land stations and 20 offshore
stations was deployed on the island of Chiloé, the corresponding
continental region around Chaitén and the offshore forearc between
41.5°S and 43.5°S (Fig. 2). Stations were installed west and east of the
LOFZ resulting in a good coverage along the 130 km long segment of
the LOFZ between Hornopirén and Chaitén. All landstations were
equipped with three-component 1 Hz sensors running in continuous
mode with a sample rate of 100 Hz. In total 364 local events were
detected on this network during the experiment. They were located
utilizing a simultaneous inversion for a one dimensional velocity
model, station corrections and hypocenter locations (VELEST
program code, Kissling et al. (1994)). Details on the whole network,
preprocessing and event location can be found in Lange et al. (2007)
and Lange (2008). In this study we focus on the shallow crustal
seismicity, including 75 events with focal depths less than 25 km
along the LOFZ.

3.1. Inversion of moment tensors

Focal mechanisms were calculated using a deviatoric moment
tensor inversion (MTI) approach utilizing the information con-
tained in the observed waveforms. We used amplitude spectra
from body waves for selected events with magnitudes between 2.8
and 3.8 (Mw) following the procedure outlined by Dahm et al.
(1999) and Cesca et al. (2006). Small earthquakes radiate waves
with sufficient signal-to-noise ratio at relatively high frequencies
(N0.5 Hz) only. While for larger events moment tensor inversions
are nowadays calculated automatically, the determination of
reliable MTI for small events is still a challenge. However, MTI
were successfully applied to body waves from local events with
magnitudes smaller than Mw 4.0 recently (Schurr and Nábělek,
1999; Zahradník et al., 2001; Stich et al., 2003; Cesca et al., 2006;
Rößler et al., 2007). Preprocessing prior to MTI includes resampling
(20 Hz), restitution of the recorder response, quality control and
rotating the traces into the focal coordinate system. Since most of
the ocean bottom seismometers are of lesser importance for the
local earthquake study here, and have not been calibrated so far,
only landstations were used for the MTI. For all given pairs of
stations and hypocenter full waveform Green functions (far-field)
were calculated (e.g. Cesca et al., 2006) using the 1-D velocity
model from Lange et al. (2007). To search for the global minimum
in the parameter space a hybrid approach is applied, combining a
grid search for different starting parameters and a gradient method
to find the minima. The ambiguity of the compressional/tensional
sectors is resolved by adding information of first motion polarities
of onsets with the highest quality. At least six P-phases and one
SH-phase from selected key stations were used for each inversion.
Cesca et al. (2006) showed that the azimuthal coverage of the
epicenter has a minor impact on the results of the inversion using
amplitude spectra tensor inversion which is comparable to the
error introduced by wrong velocity models or wrong source time
functions. In order to check the stability of the final moment
tensors we calculated inversions with different frequency ranges,
taper lengths and taper types. The frequency range was restricted
between 0.5 and 4.5 Hz (Table 2). Furthermore, we used different
source constants (depths/duration) and subsets of stations for the
inversion in order to check the appropriate setting of these
parameters. The alignment of the synthetic and observed seismo-
grams was checked in the time domain. Some of the events (in
particular in the northern part of the study area, see discussion
below) exhibit poor azimuthal coverage. However, the small time
differences between the P and S arrival times (b1.7 s) at closely
located stations clearly indicate that the hypocenters are located in
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Fig. 2. Top: Station distribution and earthquakes from Lange et al. (2007) used in this study. Seismic stations are indicated with black triangles, volcanoes are indicated by white
triangles (Siebert and Simkin, 2002). The Nazca–South American plate convergence rate is shown after Angermann et al. (1999). Bottom: Hypocenters projected onto an E–Wvertical
cross-section (0.5× vertical exaggeration) clearly show the inclined Wadati–Benioff zone and shallow crustal seismicity. Light gray line indicates interpreted possible top of
subducting slab.
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the upper crust very close to the next station (Fig. 3). Accordingly,
the accurate depths and locations of the events yield a high
stability of the MTI. Calculations of Green functions for varying
source depths and inversion for the moment tensors for two
Table 2
Summary of moment tensor solutions for shallow continental events along the LOFZ

Nr. Date/time Lat/Lon Depth from location
routine [km]

Strike/dip rake DC (%)

1 2005-08-18 42.0048°S 6.86 210/45 88
18:33 52.4 72.4387°W −151

2 2005-08-18 41.9968°S 7.43 109/64 83
21:26 36.5 72.4393°W −23

3 2005-08-18 42.0033°S 5.90 198/66 68
21:28 20.3 72.4515°W 169

4 2005-08-22 42.0058°S 6.07 223/22 84
21:29 05.5 72.4705°W −120

5 2005-08-23 42.0024°S 6.11 281/66 62
01:15 21.5 72.4645°W −4

6 2005-01-18 42.3806°S 10.13 144/45 78
21:22 29.1 72.8002°W 0

7 2004-12-10 42.8437°S 8.43 231/59 70
17:03 44.9 72.6369°W −162

8 2005-05-19 42.8001°S 6.92 319/84 62
11:44 42.5 72.5458°W 2
representative events with magnitudes of 3.0 and 3.2 (Mw) are
shown in Fig. 4. The centroid depths calculated by the MTI (using
the depth with minimal residual) are comparable with the
hypocenter depths derived by the locations derived from the
Misfit M0 (dyn⁎cm) Mw f(Hz) Wave-forms
used

Epicentral distance to
next stations [km]

0.30 7.8E+20 3.2 1.1–4.5 10 6.1/20.5/63.3

0.31 5.4E+21 3.76 0.8–4.0 8 10.0/20.6/64.2

0.29 8.7E+20 3.23 1.0–4.5 8 9.2/19.5/63.3

0.19 5.4E+20 3.09 1.0–4.0 10 9.0/17.9/62.7

0.22 1.5E+21 3.39 1.1–4.5 8 9.3/18.4/63.2

0.36 2.13E+20 2.82 1.1–4.5 13 26.0/29.2/41.3

0.28 2.7E+21 3.56 0.5–4.0 9 13.1/23.0/31.4

0.27 3.3E+20 2.95 1.1–4.5 8 20.3/21.3/26.8
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Fig. 3. Example of typical waveforms of the closest station (S15) for onsets arriving from
the nearby Hornopirén cluster. The onset of the event from 18.08.2005, 21:26 is shown.
P–S time is 1.7 s indicating a short distance to the hypocenter.
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arrival times (Lange et al., 2007), differing by less than 1.5 km for
all inverted events. These small differences between the hypocen-
tral depth and the depth from the arrival times indicate a small
Fig. 4. Summary of the inversion for two representative events. Inverted focal mechanisms a
solution (the solution with the depth from the inversion routine) for the two events is plot
components plotted as stars.
extent of the source region, as suggested by the small magnitudes
of the events. Small variations of the depths (±1.5 km) result in
only minor variations for strike, dip and rake (±6°). We decom-
posed the deviatoric part of the moment tensor into a major
double-couple and compensated linear vector dipole (CLVD) (Jost
and Herrmann, 1989). Since the magnitudes of the inverted events
are small, the CLVD is poorly resolved and not considered
significant. Synthetic and observed seismograms of amplitude
spectra and displacements are shown in Fig. 5 for the Mw 3.2 event
at August 18, 2005 (event 2 in Table 2). Because the algorithm only
takes into account the far-field radiation, only observations with
hypocentral distances bigger than 2 wavelengths (~10 km) were
included in the inversion process.

4. Results in discussion

Crustal seismicity in the forearc is clearly separated from the
Wadati–Benioff seismicity (Fig. 2). During the 11-monthmeasurement
period, 75 events of magnitudes between 0.5 and 3.8 with shallow
depths (b25 km) occurred within the continental crust. These events
are located in clusters along the LOFZ and can spatially be related to
the LOFZ and volcanoes.

In the followingwewill describe the different cluster in detail from
north to south (see also enumeration in Fig. 6):

A.) 10 km south of the small town of Hornopirén (42°S) seismic
activity up to magnitude 3.8 (Mw) occurred in a region within the
LOFZ (Fig. 7). The main events, which were felt by the inhabitants
of Hornopirén, occurred at 18/08/2005, 21:26 and 21:28 (Mw 3.8
and 3.2) followed by events 22/08/2005, 21:29 and 23/08/2005,
01:15 with Mw of 3.1 and 3.4, respectively. In total, we detected 32
nd double-couple moment tensor components plotted versus varying depths. The final
ted with high quality first motion polarities and marked with an arrow. Double couple
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Fig. 5. Comparison between synthetic (lines) and observed (gray areas) amplitude spectra for vertical components (P-phase, zP) and transversal components (S-phase, tS). The event
(Mw 3.2) occurred on August 18, 2005 21:28 UTC. The components are annotated with station name, distance, backazimuth and phase. The displacements were calculated using the
time domain inversion of the programme MTINVERS. Amplitude spectra and displacements are plotted with the same scale each.
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events in 5 days from this cluster, from which 19 events reveal
more then 8 P and 4 S readings. The distances from this seismicity
cluster to the three nearest stations were 10, 20 and 60 km,
respectively. The events are located at shallow depths between 5
and 8 km (Fig. 7). Most of the focal mechanisms (events 1–5 in
Table 2) exhibit a similar strike-slip characteristic (Fig. 7). The
possible activated fault planes on which the movement occurred
are trending ~10° or ~100°. The observed events reside on the
eastern branch of NNE–SSW trending faults bounding a pull-apart
basin (Dewey and Lamb, 1992). Taking into account both the NS
trending surface expression of the LOFZ (~10°N) and the
predominantly NS-striking dextral strike-slip mesoscopic faults
seen along this fault trace (Cembrano et al., 2000), NS oriented
strike-slip movement is most likely, resulting in a dextral strike-
slip fault plane inline with the regional geological observations.
The smallest magnitude event from this cluster (Mw 3.1) is the only
event which does not reveal strike-slip mechanism indicating
extension. This focal mechanism is nicely consistent with the NW-
trending extension axis as resulting from a broad, NS-striking,
dextral shear zone, however one mechanism is difficult to
interpret. The deepest event with a depth of 7.6 km inside the
LOFZ near Hornopirén (Fig. 7) gives a minimum depth extent of
~8 km for the LOFZ at this latitude. The location of the cluster
directly below the surface trace of the LOFZ, described by
Cembrano et al. (2000) in Fig. 7, indicates a relatively steep
inclination of the fault system. Because the distance from this
cluster to the Hornopirén volcano is 20 km (Fig. 6), we suggest that
this cluster is related to the LOFZ and not directly related to activity
of the volcano Hornopirén, indicating current activity of the fault
zone. Further activity along the LOFZ is indicated by individual
events located in direct vicinity of the LOFZ more to the south
(Fig. 6), with distances to the adjacent volcanoes of up to 30 km.
B.) Along the south western coast of Huequi peninsula five events
occurred. The Huequi volcanoes in the center of the island erupted
in 1906 explosively (Casertano, 1963). The focal mechanism for the
strongest event in this cluster (Mw 2.8) is strike-slip . We suggest
that this cluster is related to a ~135° (±15°) trending fault which
forms the coast line and continues to the South into the valley SE of
station S16 (see Fig. 8). The seismicity cluster is located 15 kmwest
from the Huequi volcano, suggesting that these events are not
directly activity-related to the volcano.
C.) Below Chaitén volcano, a postglacial caldera or explosion
crater, 3 km in diameter (López-Escobar et al., 1993), we
observed seismicity up to Mw 3.6. Naranjo and Stern (2004)
dated the last eruption of Chaitén volcano at 9370 BP. Chaitén
caldera is developed along a 14 km SW–NE oriented fissure
(López-Escobar et al., 1995), in the direction of the greatest
compressional horizontal stress. Main seismicity in this area is
spatially related to the Chaitén caldera located on the western
flank of Michinmahuida, a stratovolcano with a permanent ice
cap. The two focal mechanisms for this cluster again show strike-
slip mechanisms with 40° or 130° strike direction of the two
possible fault planes. The event on Mai 19, 2005 is the south-
easternmost event of NW–SE aligned hypocenters (Figs. 6 and 8).
Accordingly, we relate this event to a NW–SE trending fault
plane.
D.) The southernmost cluster of seismicity is found around the
Corcovado volcano. Compared to the other clusters the hypocen-
tral resolution is much lower because the events are all outside
the network. Nevertheless, this cluster has strong activity in terms
of event number, but themagnitude of the events does not exceed
Mw 2.6. Because of the poor azimuthal coverage a reliable
moment tensor solution could not be obtained for the events in
this cluster.
For the inversion of the stress field we applied the method from
Michael (1984,1987). The inverted stress tensor is compatiblewith the
deformation field derived from both kinematic analysis of Pliocene
mylonites and inversion of Pleistocene fault-slip data which consis-
tently yield a long-term greatest compressional stress axis oriented
northeast (Lavenu and Cembrano, 1999; Cembrano et al., 2000),
indicating a stable tectonic regime along the fault zone at this latitude
(Fig. 9). Furthermore, the 60° striking elongation of the volcanoes
(Nakamura, 1977; Rosenau et al., 2006) is close to the trending of σ1

from actual seismicity and the mylonitic faults. Since a direction of 55°
of σ1 for a 10°E trending strike-slip deformation zone is the expected
shortening axis (López-Escobar et al., 1995), the N76E-trending σ1 as
derived from the stress field inversion is consistent with tectonic
models of slip partitioning across obliquely convergent margins (e.g.
Fitch, 1972; Beck, 1983).

Different factors suggest a tectonic or volcano-tectonic origin of the
observed seismicity. Events below Corcovado and Chaitén volcanoes
(cluster C and D) exhibit P and S onsets; during the 11 month
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Fig. 6. Crustal seismicity with MTI solutions (double-couple component, lower hemisphere plot with polarities of high quality) along the LOFZ between 41.5°S and 43.5°S is located in
four clusters (A–D). Seismic stations are indicated by inverted triangles. Volcanoes are indicated with upright triangles (Siebert and Simkin, 2002). Box indicates the location of the
close-up view shown in Fig. 7.
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observation period no volcanic tremor-like signals were observed like
those further north at Villarrica volcano (e.g. Ortiz et al., 2003).
Furthermore, MTI solutions for the whole moment tensor (six
components) do not show elevated isotropic moment tensor compo-
nents, but indicate predominantly double-couple mechanisms. The
similarity of the two independently derived solutions for long- and
short-term deformation suggests that the stress regime has been
stable since the Pliocene. Strike-slip faults occur in about 50% of
modern subduction zones (Jarrard, 1986b). The model of slip
partitioning due to oblique subduction is applied to many of them
e.g. the Great Sumatran Fault (Beck, 1983; Baroux et al., 1998;
McCaffrey et al., 2000) and others (Jarrard, 1986b; Kimura, 1986).
Like the LOFZ many of these fault zones are accompanied by
volcanic arcs. McCaffrey et al. (2000) observed for the Sumatra
fault that two thirds of the margin-parallel component of relative
plate motion occurs on the Sumatran strike-slip fault, the rest
occurred near the trench. It has been proposed that for the
southern Chilean margin the actual obliquity is too small to
account by itself for strike-slip tectonics (Cembrano et al., 2000).
For the southern Chilean Andes it is suggested that the key factors
for intra-arc faulting are a thermally weak continental crust and
strong intraplate coupling (Cembrano et al., 2000) and/or the active
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Fig. 7. Blow-up view (16×16 km) of the events near Hornopirén (cluster A in Fig. 6) with corresponding focal mechanisms (double-couple). The local stress tensor of Cembrano et al.
(2000), derived frommesoscopic faults, is plotted in the inlay (stereographic, lower hemisphere projection) and shows a strike-slip stress regime. A NW-striking mylonitic foliation,
along with a subhorizontal stretching lineation are observed along and across the NNE-striking, approximately 4 kmwide, ductile shear zone representing the LOFZ. This shear zone
records Pliocene dextral strike-slip deformation (Cembrano et al., 2000). All of the hypocenters have depths of less than 10 km (see depth profiles) below surface outcrops of the LOFZ
indicating a steep inclination of the fault zone. The closest seismic station (S15) is indicated by a black triangle. Location of close-up-view is indicated in Fig. 6.
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subduction of the Chile Ridge indenter at the trailing edge of the
LOFZ (Forsythe and Nelson, 1985; Cembrano et al., 2002).

5. Conclusions

With our temporary seismic network we detected seismicity
with magnitudes up to 3.8 (Mw) occurring in several distinct
spatial clusters along the LOFZ and the volcanic arc. The clusters
are spatially distinct with one occurring below the surface
expression of the LOFZ and two beneath volcanoes. The main
cluster of seismicity is located below the surface trace of the
LOFZ indicating the ongoing activity at this prominent intra-arc
shear zone. Focal mechanisms derived from teleseismic and
local data show similar strike-slip mechanisms for the whole
LOFZ. The location and the strike-slip mechanism of events in
two clusters suggest that NW–SE trending secondary faults are
currently active (Fig. 8). It is likely these faults are not actually
connected nor genetically related to the LOFZ. They are long-
lived basement structures that cross the LOFZ from the
Argentinian foreland. In fact, some of these NW lineaments
have cut and displaced segments of the LOFZ with a sinistral
strike-slip sense. Strike-slip mechanisms support the hypothesis
of slip partitioning due to oblique subduction (Beck et al., 1993)
or ridge subduction (Nelson et al., 1994). The observed dextral
deformation along the LOFZ is inline with the proposed
northward movement of a forearc sliver acting as a detached
continental micro-plate as outlined by Forsythe and Nelson
(1985) and Beck et al. (1993) (Fig. 10). Based on GPS data Wang
et al. (2007) modeled the sliver motion as a northward directed
block translation at a rate of 6.5 mm/yr (30% of the relative
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Fig. 8. Compilationofmajor faults andalignmentsalong theLOFZ (between41.5°Sand43.5°S)
and crustal seismicity with focal mechanisms. Seismic stations are black triangles, volcanoes
are indicated with unfilled triangles. Numbers indicate references of faults and alignments:
1: Melnick and Echtler (2006), 2: Hackney et al. (2006), 3: López-Escobar et al. (1995),
4: Lavenu and Cembrano (1999), 5: Cembrano et al. (2000), 6: Dewey and Lamb (1992),
7: Sernageomin (2003), 8: Cembrano et al. (1996) 9: This study.

Fig. 9. Lowerhemisphere, equal areaprojections showing theorientationof the stress tensors from
mesoscopic faults (σgeol) fromCembranoetal. (2000) togetherwith theorientationof faults andelon
1987) of the continental events along the LOFZ (Fig. 6). The stress tensor exhibits a strike-slip regim
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margin-parallel convergence velocity), with the rate tapering to
zero at the northern termination of the LOFZ. The existence of
an north ward moving forearc sliver cannot be settled
conclusively with the actual data, but it is currently the most
plausible explanation. To confirm this model additional geodetic
and geological data is needed, especially a dense GPS network
in the vicinity of the LOFZ. Because the LOFZ is located far east
of the surface projection of the coupled plate interface, the
existence of a forearc sliver would raise the question of its deep
structure. The recent activity of the LOFZ revealed by local
seismicity, together with the recent strong event (6.2 Mw) from
April 21, 2007 at the southern part of the LOFZ, should be taken
into account for future hazard analysis.
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Fig. 10. Proposed tectonic model for southern Chile. Partitioning of the oblique convergence vector between the Nazca plate and South American plate results in a dextral strike-slip
fault zone in the magmatic arc and a northward moving forearc sliver. Modified after Lavenu and Cembrano (1999).
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