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Crustal seismicity in northwestern Mendoza Province in Argentina, corresponding to the transition zone
between the Chilean-Pampean flat subduction zone (26.5e33.5�S) and the Southern Central Andes normal
subduction zone to the south, is studied in order to i) identify its relationshipwith themapped structure, ii)
determine deformational mechanisms and iii) constrain the geometry of the fold and thrust belt in the
lower crust. Through this, we aim to determine which are the structures that contribute to Andean con-
struction, east of the Frontal Cordillera in Argentina and at the western Principal Cordillera in Chile. Data
from a temporary local seismic network are reprocessed in order to achieve a precise location of hypo-
centers and, whenever possible, to build focal mechanisms. Results are interpreted and compared with
previous seismic studies and structuralmodels. Analyzed seismicity is grouped around the eastern front of
Frontal Cordillera, with hypocenters mainly at depths of 25e40 km. Contrastingly, earthquakes in the
Principal Cordillera to the west are located at the axial Andean sector and Chilean slope, with depths
shallower than 15 km. Obtained focal mechanisms indicate mainly strike-slip displacements, left lateral at
Frontal Cordillera and right lateral at Principal Cordillera. Based on these observations, new possible
structural models are proposed, where seismogenic sources could be either associated with inherited
basement structures from the Cuyania-Chilenia suture; or correspond to deep-blind thrusts linked with a
deeper-than-previously-assumed decollement that could be shared between Frontal Cordillera and
western Precordillera. This deeper decollement would coincide in turn with the one determined from
receiver function analysis for the eastern Sierras Pampeanas in previous works, potentially implying a
common decollement all through the fold and thrust belt configuration. Apart from this, a new interpre-
tation of seismogenic structures in Principal Cordillera near the ArgentinaeChile boundary is provided.
© 2017 Institute of Seismology, China Earthquake Administration, etc. Production and hosting by Elsevier
B.V. on behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The northern Mendoza-southern San Juan provinces Andean
sector in Argentina is one of the highest regions of the entire Andes
containing peaks such as Aconcagua and Mercedario, and ranges
such as Plata, Ramada and Ansilta reaching heights over
5500e6000 m. These heights have been attributed to the subduc-
tion of the Juan Fern�andez a seismic ridge at depth and its relation
to the development of the Chilean-Pampean flat subduction zone
(see Ramos et al. [1] for a synthesis). This segment is constituted by
several morphostructural systems with contrasting decollements
and characterized by variable surficial geology, although seismo-
genic structures and therefore neotectonic deformations through
ion and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an
s/by-nc-nd/4.0/).
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them are barely addressed from a seismological point of view; with
the exception of those easternmost structures in the foreland zone
which are beyond the scope of this work [2e5]. Consequently, deep
geometry of the main crustal faults is based onmodels with little to
no constraining geophysical evidence. Themain goal of this study is
to analyze the crustal seismicity (less than 50 km deep) of north-
western Mendoza in order to either identify its link to already
identified structures, or otherwise suggest new possible seismo-
genic structures. Additionally, calculated seismicity depths will
allow refining the style of deformation both beneath the eastern
front of Frontal Cordillera and the western Principal Cordillera
wheremost neotectonic structures are located in the studied sector.
Such goals are approached through the reprocessing of seismic data
from a local and temporary network (Fig. 1B), which allowed to
locate hypocenters and build focal mechanisms.
Fig. 1. A) Seismicity from ISC-GEM Catalog from 1900 to 2013 (http://www.isc.ac.uk/iscgem
improve currently existing bulletin data of large global earthquakes (magnitude 5.5 and abo
equal to 50 km, respectively. The white rectangle shows the extension of the map shown in
the rectangle shows the extension of the study zone. C) Study zone divided into morphost
The study zone comprises a broad area located at the north-
western corner of Mendoza Province in Argentina, delimited by
32�200e33�400S and 70�000e69�000W (Fig. 1). It lies within a tec-
tonic setting characterized by the transition zone from a flat slab
segment (Chilean-Pampean flat slab) towards a normal subduction
segment (South Volcanic Zone) [1]. In this context, four morphos-
tructural domains can be identified; from west to east: Principal
Cordillera, Frontal Cordillera, Precordillera of Mendoza and the
Cerrilladas Pedemontanas (piedmont hills) (Fig. 1C).

Neotectonic deformation and crustal seismic activity on the
axial and Chilean Principal Cordillera near these latitudes was
generally associated with the El Fierro fault system, an active west-
dipping fault system which corresponds to the eastern edge of the
Abanico basin. Current displacement on these faults is thought to
have mainly a right lateral strike-slip component based on seismic
/). This catalog is the result of a special effort to adapt and substantially extend and
ve). Red and lilac circles are seismic events with depths less than 50 km and greater or
B. B) Location of broad band seismological stations deployed by CHARSME experiment;
ructural domains mentioned in the text.

http://www.isc.ac.uk/iscgem/
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analyses [6e9]. Structural models place a main decollement asso-
ciated with this fault array dipping to the west, at a depth of
20e25 km [10].

In the Frontal Cordillera to the east, neotectonic activity has
been related to the La Carrera fault system, a set of west-dipping
thrusts located at the mountain front. These thrusts have surface
expression near ~33ºS, although they probably extend as blind
thrusts both to the north and to the south of this sector [11]. Spatial
arrangement of these structures as well as kinematic indicators
show that these form part of a common NWeSE neotectonic belt,
the Río Mendoza e Tupungato belt, that accommodates left lateral
transpressive deformation [2,12].

To the east, the deep structure of the Precordillera in the vicinity
of Mendoza city is well constrained based on seismic information
that shows contractionally reactivated normal faults of the Triassic
Cuyo Basin serving as seismogenic sources for shallow earthquakes
[4,5]. Structural models suggest the presence of a west-dipping
decollement where these faults root at a depth of 10e11 km [5,13].

In this study we identified earthquakes beneath this recognized
decollement, supporting the existence of seismogenic structures
deeper than previously modeled, in particular near the eastern
front of Frontal Cordillera. Therefore, based on these findings we
suggest two hypotheses. The first one implies that the main
thrusts uplifting Frontal Cordillera and Precordillera could root
into the lower crust, in a common deep decollement immediately
above the Moho discontinuity. This decollement could potentially
coincide with the decollement determined for the Sierras Pam-
peanas to the east through receiver function analysis [14]. The
other hypothesis suggests a reactivation of deep crustal disconti-
nuities as structures with an important strike-slip component,
potentially related to the Cuyania-Chilenia suture that could act as
a seismogenic source. Additionally, two earthquakes were regis-
tered in Principal Cordillera near the international limit. Based on
their analysis, we provide an insight on possible seismogenic
structures and their kinematics.

2. Geological setting

The structure and the surficial geology of the analyzed area
present an arrangement given by the four morphostructural do-
mains (Fig. 1C). The Principal Cordillera that conforms the western-
Chilean Andean slope and the axial drainage divide area exhibits
Jurassic-Cretaceous to Neogene sedimentary and volcanic se-
quences, repeated and folded by a bivergent fold and thrust belt,
west-vergent and basement-controlled on Chilean territory and
mainly thin-skinned and east-vergent on Argentina, constituting
the Aconcagua fold and thrust belt [15,16] (Fig. 2). The oldest rocks
are exposed to the east in the Frontal Cordillera and correspond to a
metamorphic complex of Proterozoic-Cambrian age. Nevertheless,
this domain is characterized by widespread outcrops of Permo-
Triassic volcanic rocks of the Choiyoi Group intruding and over-
laying Carboniferous meta sedimentary deposits (see Heredia et al.
[17] for a recent synthesis). North of 33�S, the structure that ex-
humes these Paleozoic series corresponds to a deep basement blind
thrust ramp that propagates beneath western Precordillera [18].
Contrastingly, south of this latitude, segments of this thrust front,
such as the La Carrera Fault System, cut the surface producing a
surficial expression dominated by neotectonics carps [11,19]. The
western Precordillera of Mendoza to the east is dominated by ex-
posures of Paleozoic meta sedimentary and deep marine-slope
deposits associated with a N-S trending stripe of mafic and ultra-
mafic rocks [13,20]. These are unconformably overlain by the
Choiyoi Group, followed by the continental deposits of the Cuyo
Triassic basin [13,21,22]. The structure of this domain consists of a
bivergent fold and thrust belt associated with a west-dipping
decollement located 10e11 km deep [5,13]. The Cerrilladas Pede-
montanas to the south are formed by slightly folded Mio-Pliocene
synorogenic deposits as well as uplifted Quaternary alluvial ter-
races. The prevailing structures at these foothills correspond to
broad anticlines, associated with the inversion of Triassic exten-
sional depocenters at depth and the development of low angle
thrusts [2,3,23].
3. Data and methodology

Data used in this work are from Chile Argentina Seismic Mea-
surement (CHARSME) experiment, which was financed by Chilean
CONICYT. This was a project of scientific cooperation between the
IRD (France), Department of Geophysics of Chile University (San-
tiago, Chile) and the Geophysics Seismological F. Volponi Institute,
San Juan University (Argentina). CHARSME experiment deployed
temporal seismological stations from 31�S to 34.5�S and 67�W to
72�W and registered in continuous mode from November 2002 to
March 2003. In this study we only used data from the broadband
stations located in Argentina (Fig. 1B). We reprocessed crustal
earthquakes using a code different from the one used in previous
studies [26,27] to find focal mechanism solutions for the located
events. The selected earthquakes to be reprocessed were chosen
considering the study area (Fig. 1C). SEISAN multitrace view was
used for P and S wave arrival identification (154 P phases and 167 S
phases were read). We located single events using the Hypocenter
iterative software [28] with a 1-D velocity model taken from Furlani
[29] (Table 1). The focal mechanism solutions from P first motions
were obtained using HASH code [30]. Unlike software used in
previous studies [26,27], HASH code obtains a preferred solution
after removing any outliers, and calculates strike and dip un-
certainties for the two nodal planes. Considering that in many
cases, and due to the low signal-to-noise ratio in the seismic
waveform, the first motion P polarities were not well defined, we
only used the clear ones to avoid introducing polarity errors. This
diminishes the available number of polarity data for each event, so
we had to obtain composite focal mechanisms. We used a grid
search angle of 5� to find themechanisms with theminimummisfit
of the up/down first-motion polarities, allowing only 1 reversed
polarity.
4. Results

The final locations (Table 2 and Fig. 3) show a constrained so-
lution set with uncertainties (in most cases) not greater than
±5 km. The earthquakes align mainly in a NNW-SSE fringe with
depths between 25 and 40 km, located at the eastern front of
Frontal Cordillera. Only 2 earthquakes were located southwest of
this fringe, in Principal Cordillera, at shallower depths (between
~10 and 15 km).

We obtained two composite focal mechanism solutions (Table 3
and Fig. 4), where focal mechanism “A” was obtained from a main
shock and three aftershocks located at the eastern front of Frontal
Cordillera (events 13, 14, 15 and 16, Table 2); in the case of focal
mechanism “B”, we assumed that the two earthquakes located in
Principal Cordillera (events 8 and 9, Table 2) with a high waveform
correlation coefficient may have ruptured the same fault segment,
allowing us to obtain a composite solution. The two focal mecha-
nisms are mainly strike-slip solutions: their normal components
could not be confirmed considering dip uncertainty in their near
vertical nodal plane. In both cases, nodal planes present approxi-
mate NWeSE and NEeSW orientations.



Fig. 2. Geological map of the study zone (based on [4,11,24,25] and references within); epicenters registered in NEIC catalogue (blue dots) from 1980 to February 2017, and in EHB
bulletin (yellow dots) from 1966 to august 2006. No events are repeated. Focal mechanisms were taken from NEIC and GCMT database.
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5. Discussion

The seismicity registered during ~5 months from the local and
temporary network CHARSME shows a similar pattern to the one
observed in NEIC's database (Fig. 5). Nevertheless, only one of them
was registered by NEIC (event 8). According to this catalog, this
event had a magnitude 3, which may imply that the rest of the
events registered by CHARSME local network had a similar
magnitude or even lower. During the seismic experiment, the
Principal Cordillera, south of 33�150S, only registered two
earthquakes. In all three datasets (NEIC, EHB and CHARSME), north
of this latitude, the occurrence of little to no seismicity at all is
counter balanced by a concentration at the eastern front of Frontal
Cordillera and at the Precordillera, consistent with Nacif et al. ob-
servations [32]. Those authors postulated that crustal seismicity
experiences a drastic change from the retro-arc north of ~34�S to
the arc and pro-wedge (fore-arc) zones south of this latitude, and
that this change is consistent with a strong variation in the patterns
of rainfall and erosion. While north of these latitudes the fore-arc is
essentially dry, south of these latitudes Pacific-derived winds



Table 1
Velocity model taken from Furlani [29]. Moho depth was set to approximately
55 km.

Depth (km) Vp (km/s) Vp/Vs Vs (km/s)

�2.5 5.38 1.723 3.12
0.0 5.51 1.723 3.20
2.5 5.54 1.723 3.22
5.0 5.76 1.723 3.34
7.5 6.08 1.723 3.53
10.0 6.11 1.723 3.55
15.0 6.17 1.723 3.58
20.0 6.20 1.723 3.60
25.0 6.43 1.740 3.70
30.0 6.45 1.740 3.71
35.0 6.70 1.740 3.85
40.0 6.74 1.740 3.87
45.0 6.85 1.740 3.94
50.0 7.00 1.740 4.02
55.0 7.87 1.800 4.37
65.0 7.94 1.800 4.41
75.0 7.99 1.800 4.44
85.0 8.06 1.800 4.48
100.0 8.10 1.800 4.50
115.0 8.17 1.800 4.54
130.0 8.17 1.800 4.54
145.0 8.17 1.800 4.54
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provoke a drastic increment in rain fall. It could be argued that the
absence of events registered by CHARSME north of 33�150S in
Principal Cordillera is due to the short measuring time span. Even
then, the difference in event frequency north and south of this
latitude is clearly observed in NEIC's record.

Most seismic events were located in regions affected by recog-
nized faults (Fig. 5). However, we cannot be totally certain about
their neotectonic behavior in certain segments. At the study region,
active fault systems reported in different works include: The El
Fierro System (Principal Cordillera, [8]), La Carrera System (Frontal
Cordillera, [11]) and those associated to the Precordillera of Men-
doza described by Moreiras et al. [5]. To define the seismogenic
structures, we interpreted and compared our results with previous
knowledge of these systems.

In Frontal Cordillera, most of the events were located associated
with the easternmost faults (La Carrera System), while few of them
were linked to the western Precordillera domain immediately to
Table 2
Resulting locations with their associated error.

Event
number

Date Time (GMT) Latitude (�) Lat. error
(km)

Longitude (�

1 28,Nov.2002 16:20:50.7 �32.536 2.8 �69.410
2 9,Dec.2002 13:27:43.9 �32.916 4.0 �69.210
3 9,Dec.2002 14:57:41.0 �32.836 2.7 �69.269
4 10 Dec.,2002 05:08:01.5 �33.271 3.1 �69.159
5 10 Dec.,2002 20:07:26.9 �32.425 1.9 �69.364
6 12 Dec.,2002 06:16:50.1 �32.795 1.9 �69.275
7 15 Dec.,2002 16:43:32.3 �32.653 2.1 �69.243
8 20 Dec.,2002 04:42:56.8 �33.306 3.0 �69.837
9 23 Dec.,2002 13:50:13.6 �32.812 2.1 �69.243
10 24 Dec.,2002 10:10:17.3 �32.987 1.8 �69.428
11 26 Dec.,2002 04:13:37.9 �32.825 1.6 �69.265
12 30 Dec.,2002 03:45:24.1 �32.733 2.6 �69.322
13 21 Jan.,2003 00:57:19.3 �32.816 2.4 �69.270
14 21 Jan.,2003 01:05:10.8 �32.824 2.5 �69.306
15 21 Jan.,2003 01:59:56.1 �32.811 2.8 �69.274
16 22 Jan.,2003 00:12:06.7 �32.810 3.2 �69.281
17 26 Jan.,2003 22:21:15.0 �32.985 6.7 �69.200
18 04 Feb.,2003 07:48:00.1 �33.643 7.3 �69.918
19 10 Feb.,2003 08:46:51.0 �32.838 2.2 �69.252
the east. Nacif et al. [27] had suggested that deep seismicity in this
zone could be associated with the reactivation of Precordillera's
western front, although structural models carried out by Giambiagi
et al. [4,13]indicated that these structures did not go deeper than
10 km, precluding as a first approximation this possibility. It is also
worth noting that almost all of the located earthquakes fall deeper
than the ones that appear in NEIC's database, especially below the
eastern front of Frontal Cordillera. This indicates that there are
seismogenic structures located as far as 45 km deep inside the
lower crust, a depth considerably higher than decollements pro-
posed in previous models based on structural data [5,10,13,34].
From this, two possible interpretations arise: neotectonic struc-
tures in Frontal Cordillera and Precordillera extend deeper than
previously modeled and are rooted by a decollement 40e45 km
deep; or there exist deep seismogenic structures in the lower crust
independent and potentially decoupled from the shallower fault
system. Both possibilities are discussed below in more detail.

i) The possibility that deep seismogenic sources determined in
this study and previously modeled shallow structures were
linked implies necessarily a revision of the former structural
models. Neotectonic activity near El Salto (Fig. 6) constitutes a
case where geomorphologic-neotectonic evidence indicates
recent displacements in blind thrusts [11]. These structures
belong to La Carrera fault system, which present high dip angles
(50�e80�, [35]) at surface. Previous studies proposed that dif-
ferences in activity registered in contiguous segments of these
faults could be associated with a structural segmentation
imposed by oblique NWeSE faults [11]. These structures could
be the source of the earthquakes near Uspallata (Fig. 5) and
particularly of the one located at the southwest corner of Fig. 6.
However, the rest of the events in this region are considerably
displaced to the east of this structural system. This suggests that
there could be additional seismogenic structures, potentially
linked to blind thrusts or even deep decollements that propa-
gate from west to east (Fig. 7B). In such case, a mechanical
linkage could exist between eastern shallow structures beneath
Precordillera [4,13] and deep structures propagating eastwards
from Frontal Cordillera. As mentioned, Precordilleran structures
are interpreted to be nucleated in a west dipping main thrust
(Fig. 7A); which potentially extended up to 10e11 km deep
) Long. error
(km)

Depth
(km)

Depth error
(km)

Number of
stations

RMS Azimuthal
gap (º)

5.5 25.7 5.9 8 0.4 16:20:50.7
4.8 32.3 10.0 4 0.3 13:27:43.9
3.7 43.5 4.5 8 0.5 14:57:41.0
3.4 29.3 5.1 9 0.5 05:08:01.5
2.9 24.9 3.5 8 0.3 20:07:26.9
2.6 30.5 4.1 11 0.4 06:16:50.1
3.2 31.5 3.4 6 0.2 16:43:32.3
5.6 13.6 4.9 11 0.5 04:42:56.8
2.7 29.4 4.9 11 0.4 13:50:13.6
2.8 18.0 4.9 9 0.4 10:10:17.3
2.1 31.8 3.3 9 0.3 04:13:37.9
3.5 33.1 4.2 8 0.4 03:45:24.1
3.3 39.5 4.7 11 0.5 00:57:19.3
4.8 35.1 3.3 6 0.3 01:05:10.8
3.1 35.5 4.6 8 0.4 01:59:56.1
4.0 35.0 5.2 7 0.5 00:12:06.7
7.7 37.6 10.7 9 1.0 22:21:15.0
9.2 12.8 9.1 10 0.7 07:48:00.1
2.6 26.3 4.1 9 0.4 08:46:51.0



Fig. 3. Seismicity re-located from CHARSME experiment with number codes that refer to the numbers in Table 2. A) Epicenters (red circles) with horizontal error (black ellipses).
The black line represents the profile in B). B) Hypocenters (red circles) with vertical error (blackbars).
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based on structural reconstructions [5,13]. Based on our previ-
ous considerations and following our first hypothesis, we pro-
pose that this fault could then extend deeper into the lower
crust and be rooted at a decollement 40e45 km deep, triggering
the observed seismicity (Fig. 7B). Previous models had already
calculated a depth of 50e60 km for the Moho discontinuity in
this region [10,36], which means that the suggested decolle-
ment would be placed in the lower crust, immediately above the
Moho. This decollement could be correlated with the one
inferred through receiver function analysis for the Sierras
Pampeanas to the east [14]. Additionally, the focal mechanism
calculated for this zone shows a nodal plane with NNW-SSE
orientation and ~30� dip to the WSW (focal mechanism “A” e

“nodal plane 2”, Table 3, Fig. 6) that could serve as a fault plane
in this model, since both strike and dip are valid for the sug-
gested main thrust geometry. Once the fault plane has been
established, the movement indicated by the focal mechanism
shows a prevalence of left lateral strike-slip displacement. As it
has been mentioned, given the dip uncertainty of the other
nodal plane (“nodal plane 1”), the vertical component could be
normal or reverse; although the simplest interpretation is that it
should be reverse considering previous knowledge on the
deformation style of this region. These observations are
consistent with the mechanisms inferred by Massabie [12] and



Table 3
Results obtained from composite focal mechanism solutions. The Aki and Richards convention was used [31].

Focal mechanism Event number Focal mechanism solution

Nodal plane 1 Nodal plane 2 Error

Strike Dip Rake Strike Dip Rake Strike Dip

A 13 233.4� 80.0� �128.0� 130.9� 30.1� �16.0� ±19.7� ±22.3�

14
15
16

B 8 56.2� 29.6� �146.2� 296.0� 74.1� �64.7� ±14.0� ±31.8�

18
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Cort�es et al. [2], who determined left lateral transpressive
deformation localized in the neotectonic NWeSE Río Mendoza
e Tupungato belt close to the located epicenters (Fig. 5).

However, there are some problems with this model, particularly
in relation to a lack of agreement respect to previous deep struc-
tural interpretations. As indicated, previous studies based on
structural observations had placed a decollement at 10e11 km
beneath Precordillera. Whether the surficial structure could be
modeled with such a deep decollement as the one being proposed
in this work or not, is an interesting subject to be tackled in future
studies. Additionally, while the calculated focal mechanism shows
mainly strike-slip displacement, surface observations indicate that
thrusts in this region have a limited strike-slip component. From
this point of view, it would be not a straight forward issue to
directly associate surface structures with the deep structures sug-
gested here.

ii) An alternative hypothesis is to consider a deep seismogenic
source independent from the thrust system that controls the
uplift of Frontal Cordillera and Precordillera. Neotectonic activ-
ity in the Río Mendoza e Tupungato belt has been associated in
previous works with a possible reactivation of inherited struc-
tures from the Famatinian orogenic phase [2]. It is worth noting
that many of the hypocenters located in this work lie near the
proposed Cuyania-Chilenia boundary (Fig. 5). In this sense,
seismogenic structures deep into the lower crust could corre-
spond to the reactivation of structures linked to this suture. The
mechanics in such structures could be independent from those
observed in surficial studies. Still, the problem with this model
arises with the interpretation of the obtained focal mechanism.
On one hand, “nodal plane 2” has a NWeSE strike and
displacement along such plane would be left-lateral. Yet, its dip
(~30� to the WSW) results contradictory considering the
established model of this suture, where Cuyania would consti-
tute the hanging wall of the suture [37]. On the other hand,
“nodal plane 1” is near to vertical and has a NEeSW strike. Its
dip is consistent with a predominance of the strike-slip
component, but displacement would be right-lateral, opposite
to the left-lateral kinematics observed by previous authors in
this neotectonic belt [2,12]. Still, it remains the best choice when
comparing its dip with “nodal plane 2”. The inferred terrane
suture has a approximate NeS orientation [33], yet either way,
the seismogenic structures would be placed inside a thick
deformation belt (Fig. 7C) and the orientation of the nodal plane
taken as fault plane does not need to precisely match the
orientation of the suture.

To the west, at the highest Andes in Principal Cordillera, both
location and depth of the registered earthquakes (events 8 and 18,
Table 3) can be correlatedwith previous studies. According to these,
seismicity near 34ºS is located near the ArgentinaeChile border
aligned in a NNE-SSW direction. Depths are shallower than 10 km,
with a maximum depth of 20 km. Focal mechanisms associated
with these faults indicate an important right lateral strike-slip
component [6,7,9]. The seismogenic structures suggested by these
authors are gathered in the El Fierro fault system. Next we will
suggest a possible seismogenic structure for the earthquakes
registered in this work, taking into account focal mechanism “B”.

Considering that focal mechanism “B” was calculated on the
assumption that both events were triggered by the same structure,
“nodal plane 2” (Table 2) had to be discarded. Such a high dip fault
with a NWeSE strike could never be aligned with both earth-
quakes. Then, we considered “nodal plane 1” as fault plane. In this
case, both strike and dip (considering their associated error) would
allow for a potential alignment between the earthquakes and the
fault plane. However, such fault would not match the dipping di-
rection of previously known seismogenic structures such as the El
Fierro faults. Moreover, the triggered earthquakes are deeper than
the maximum depth of these faults. Then, the structure repre-
sented by this plane could constitute a SE dipping decollement that
roots the El Fierro faults at a depth of ~10e15 km. Previous models
show a similar structure some kilometers west from the location of
our epicenters ([34], Fig. 7A), as well as a west-dipping main
decollement around 20e25 km deep that controls the structure of
Principal Cordillera south of these latitudes [10]. Taking this into
consideration, our proposal is that this decollement could extend
even further to the east, linked to a southeast dipping structure that
could be triggering the registered seismicity; delimiting a wedge
geometry (Fig. 7B). This would explain the low angle and opposite
dip direction of the fault plane suggested by focal mechanism “B”,
as well as the greater depth of these two events compared to
previous studies and NEIC's database. On the other hand, as it has
been mentioned, we must consider that this focal mechanism was
calculated assuming that both events were linked to the same
structure, given the correlation between their waveforms. This
model could account for this assumption since the structure pro-
posed would be of a regional extent, tying together local faults with
surface expression. Nevertheless, given the high uncertainty of the
calculated focal mechanism, future studies would be necessary to
better constrain the range of possible nodal plane orientations and
give a more precise definition of the suggested structure.

Displacement on this fault plane, as observed in focal mecha-
nism “B”, results mainly strike-slip, although in this case, right
lateral. The vertical component presents a similar case to focal
mechanism “A”, since it could be normal or reverse, although the
simplest interpretation is that it should be reverse if we consider
the regional transpressive deformation style. Comparing this with
other focal mechanisms taken from GCMT and NEIC database
(Fig. 5), we observe that the three of them present a NEeSW



Fig. 4. Focal mechanisms from composite solutions using HASH. The circles and the triangles correspond to the up and down first-motion polarities, respectively. Refer to Table 3 for
details on the solutions.
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oriented nodal plane, all of which show a predominance of right
lateral strike-slip movement. This fits the assumptions made by
Farías [6], who proposed a right lateral strike-slip regime for the
Principal Cordillera nowadays at these latitudes. However, those
nodal planes show higher and opposed dips to the one calculated in
this work. This implies that the involved structures were probably
different from the one being suggested here, although they still
show the same style of deformation.



Fig. 5. Seismicity located in this study (red dots) and calculated focal mechanisms (red). Blue and yellow dots, and blue focal mechanisms are the same as in Fig. 2. Red striped zone
indicates the Río Mendoza e Tupungato belt [2]. Dark blue striped zone indicates the proposed Chilenia-Cuyania boundary [33]. The red rectangle inset is shown in Fig. 6.
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Fig. 6. Zoomed view of the area indicated in Fig. 5. Green dots indicate the earthquakes used to calculate this focal mechanism.
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6. Conclusions

Reprocessed seismic data from a temporary local network shows
the existence of low magnitude deep crustal seismicity near the
eastern front of Frontal Cordillera in northwestern Mendoza. Hy-
pocenter locations define a NNW-SSE direction, with depths mainly
between 25 and 40 km. Some of these eventsmay be associatedwith
the La Carrera fault system, which corresponds to the frontal
structures of Frontal Cordillera. The rest of the earthquakes, which
were located to the east of those structures beneath the western
Precordillera domain, could suggest either a relation between
shallow structures in this domain and deeper structures in Frontal
Cordillera; or the presence of deep crustal structures independent
from the thrust system inherited from the Paleozoic accretionary
evolution of the basement. The former can be explained as a pro-
longation of the Precordillera main decollement, which would
extend considerably deeper than previously assumed, into the lower
crust. Thus, structures at the eastern Frontal Cordillera could be
connected with the western Precordillera structures by a common
decollement 40e45 km deep. Such decollement would be placed in
the lower crust, near theMoho discontinuity (50e60 kmdeep in this
region) and could be shared with the one determined for the Sierras
Pampeanas to the east based on receiver function analysis. Consid-
ering this model, a composite focal mechanism solution calculated
from four earthquakes (main and three aftershocks) suggests a
predominance of left lateral strike-slip movement for these events,
with a NNW-SSE fault plane dipping ~30� to the SWW, which are
consistent with previous neotectonic studies. The alternative model
considers high dip crustal structures with strike-slip components as
deep seismogenic structures. In particular, displacement along these
faults would be right-lateral and could respond to a reactivation of
the proposed Cuyania-Chilenia terrane suture, independent from
the Andean thrust system.

At the highest Andes in Principal Cordillera, two earthquakes
were registered by this network. These were located near the
ArgentinaeChile boundary and align according to a NNEeSSW
orientation, showing depths between 10 and 15 km. Based on a
composite focal mechanism built from these events (which show a
high waveform correlation), the seismogenic structure could be a
low-angle southeast-dipping thrust associated with a thrust array



Fig. 7. Structural sections across 33�S showing the vertical distribution of hypocenters (blue ¼ NEIC, yellow ¼ EHB, red ¼ CHARSME), cross section view of calculated focal
mechanisms, and their relation to inferred deep structure (LCFS ¼ La Carrera Fault System; EFFS ¼ El Fierro Fault System). The alignment of NEIC hypocenters at 10 km results from
the software assigning an automatic depth value when it cannot obtain real depths, and therefore these data should not be considered. A) Section taken from Lossada et al. [34]
based on surficial data. B and C) Reinterpreted sections built from the analysis of the localized seismicity; blue nodal plane indicates the one chosen as fault plane; shaded stripe in C
represents the proposed terrane suture between Chilenia and Cuyania blocks. Note that all of these structures don't necessarily coexist along the same latitude, although these have
been drawn in one section for practical purposes.
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cropping out in Chile as the El Fierro fault system. This fault array
would accommodate right lateral strike-slip displacements based
on previous focal mechanisms and the one calculated in this work,
denoting a strain partitioned regime between western strike-slip
structures at the highest Andes and eastern-frontal dip-slip ones
in the foreland zone in eastern Precordillera-Sierras Pampeanas.
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