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ABSTRACT

We present the first study of seismicity in the region of the Jalisco
Block using data recorded by the Jalisco Seismic Accelerometric
Telemetric Network between June and December 2015. During
this period, 683 local earthquakes with magnitudes between
1.0 < M < 4.0 were identified and relocated with Hypo71PC.
From this catalog, we identify a heterogeneous hypocentral dis-
tribution with six continental crustal seismogenic areas. We also
observed seismicity associated with the subduction process that
extends 180 km from the Mesoamerican trench, which suggests
an estimated dip angle of the slab between 22° and 31°. A subtle
dip also suggests oblique subduction toward the Colima rift zone
and bending of the Rivera plate. These observations are in agree-
ment with previous partial regional studies using local seismic
networks. Two seismic swarms were observed in this period, one
in the Bahia de Banderas seismogenic zone, and a second in the
Guadalajara Metropolitan zone. We note two areas on the
northern coast of Jalisco with meager rates of seismicity.

INTRODUCTION

Western Mexico is one of the most seismically active regions in
the country; this region includes the states of Jalisco, Colima,
and Nayarit where destructive historical earthquakes have
occurred since 1544 (Nufiez-Cornt, 2011). The highest magni-
tude earthquakes occurred along the coast. They include subduc-
tion earthquakes such as 3 June 1932 M 8.2 and 18 June 1932
M 7.8 carthquakes (Fig. 1), and inland, intraplate earthquakes
such as the earthquakes on 27 December 1568 and 11 February
1875. Singh ez al. (1985) estimated the recurrence time of events
similar to 1932 earthquakes and found a repeat interval of large-
scale earthquakes of about 77 yr in the Jalisco block (JB). In
October 1995, another earthquake with a magnitude of
M, 8.0 (Fig. 1) occurred on the coast of Jalisco and Colima,
which rupture area was the southern half of the rupture calcu-
lated for the 1932 earthquakes (Courboulex ez al., 1997; Pacheco
et al., 1997; Escobedo ez al., 1998). There are also other tectonic
structures capable of generating moderate magnitude earth-
quakes, which represent a substantial seismic hazard; one such
occurred near the Islas Marfas on 3 December 1948, resulting in
significant destruction on Marfa Madre Island (Fig. 1). An unex-
pected shallow earthquake of M, 7.4 that was not associated
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with subduction processes took place on the continental shelf
(near of Colima rift zone [CRZ]) on 22 January 2003
(Nufez-Cornt et al., 2004, 2010). Particular interest is therefore
warranted in the investigation of the tectonic processes that
occur in the region. Active volcanoes Sangangiiey, Ceboruco,
and Colima represent additional tectonic hazards in the region
(Fig. 2). Three tsunamis have also occurred in the region in the
last 100 yr (Trejo-Goémez et al., 2015).

In the last 452 yr, there have been at least 22 carthquakes
with M > 7.0 in the Jalisco region (Nunez-Cornti ez a/., 2018).
Despite the high seismic hazard associated with the tectonic
processes in the area, only one permanent seismic station from
the Servicio Sismologico Nacional (SSN) was running at
Chamela on the Jalisco coast until 2001 (Fig. 1). Another per-
manent network within the east border of JB, the Red Sismica
Telemétrica de Colima (RESCO), is operated by the University
of Colima, whose main objective is surveillance of Colima
Volcano. This network is therefore configured primarily around
Colima Volcano in the southern part of CRZ (Fig. 1).

The first studies with temporary local seismic networks in
the region began in 1994 (Nufez-Cornti ¢f al., 2002). The
Universidad de Guadalajara (UdeG) and Proteccién Civil
(Civil Defense) del Estado de Jalisco began a project in 2001
to deploy a 10-station digital seismic network (RESJAL), with
3D seismic sensors (Fig. 1). RESJAL operated until late 2004
(Rutz-Lépez, 2007; Rutz-Lopez et al., 2013). From January 2006
to June 2007, the project “Mapping the Riviera Subduction
Zone” (MARS) was conducted in collaboration between
American and Mexican institutions. This project deployed a tem-
porary seismic network using 50 broadband stations within the
states of Michoacdn, Colima, and Jalisco. However, the coverage
of this temporary network did not cover the west side of the JB,
which includes the northern coast of Jalisco, the Cabo Corrientes
and Bahia de Banderas (BAB) areas. Seismic data obtained in this
project have been used in a variety of studies (e.g., Gardine ez 4/,
2007; Ledn-Soto et al., 2009; Yang et al., 2009; Spica et al., 2014;
Abbott and Brudzinski, 2015; Gutiérrez-Pefia ez al, 2015;
Ochoa-Chévez et al., 2016; Pinzén et al., 2016; Watkins et al.,
2018; and so on). The high level of seismicity in this region man-
dates long-term study and analysis using an adequate seismic
network, with sufficient coverage for detection and robust hypo-

central locations. Currently, besides RESCO, the SSN operates
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A Figure 1. Seismotectonic framework along the Jalisco coast
(modified from Nafiez-Cornu et al, 2018). a, Armeria River; AA, after-
shocks areas; ACA, Amatlan de Cafias — Ameca; b, Cohuayana
River; CRZ, Colima rift zone; MIA, maximum intensity areas for earth-
quakes in 1932 (dates and magnitudes indicated); RFZ, Rivera fault
zone; SPL, San Pedro Lagunillas; TRZ, Tepic—Zacoalco rift zone.
Circles indicate locations of cities, and stars show the epicenters
of the 4 December 1948 and the 2003 Armeria earthquakes; seismic
gaps proposed; triangles indicate Red Sismolégica de Jalisco sta-
tions; squares indicate Colima Seismic Telemetric Network stations;
inverted triangle indicates Chamela Servicio Sismologico Nacional
station. (Inset) Location map of the study area within the North
American continent.

two stations within the region. To monitor local seismic activity
of the area more comprehensively and evaluate the seismic haz-
ard, the Research Group “Centro de Sismologia y Volcanologia
de Occidente (CA-UDG-276)" from UdeG initiated the
deployment of the Jalisco Seismic Accelerometric Telemetric
Network (RESAJ) a research project funded by Consejo
Nacional de Ciencia y Tecnologia—Fondos Mixtos Jalisco
(Nunez-Cornt ez al., 2018). The first stage of this project began
in 2010 with the deployment of 10 stations and the installation
of the Central Lab at Puerto Vallarta Campus. RESA]J has better
instrumental coverage than SSN and RESCO and is currently
providing continuous data acquisition with 28 seismic stations
covering a region from Islas Marfas to CRZ.

Between 2014 and 2016, the project “Crustal
Characterization of the Rivera Plate-Jalisco Block Boundary and
Its Implications for Seismic and Tsunami Hazard Assessment
(TsuJal)” was undertaken by Mexican and Spanish institutions in
this region and included an onshore—offshore geophysical and seis-
mic (active and passive) experiment (Nufiez-Cornu ez al., 2016).
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Nufez-Corntt and Sinchez-Mora (1999), published the
first local seismicity studies in the region using RESCO data
to observe the subduction angles of the Rivera plate (RP) below
the southeast border of JB and the CRZ ranging between 12°
and 20°. Using data from RESCO and a temporary seismic
network deployed west and north of JB, Nufiez-Cornt ez 4.
(2002) located ~250 earthquakes, which were distributed in
three areas: BAB, Amatldn de Cafas - Ameca (ACA), and the
coastal area associated with the Middle America trench (MAT).
They used waveform analysis to identify two types of earth-
quakes in the MAT area: continental earthquakes located within
the crust and in contact with the slab and oceanic earthquakes
located inside the slab. The authors propose a subduction angle
of 15° at 160 km inland from the trench and suggest that the slab
bends and exhibits oblique subduction. Subsequent studies using
data from RESJAL and RESCO have shown similar results
(Ntfez-Cornti ez al., 2003; Rutz-Lépez et al., 2003).

Nufez-Cornt et al. (2004) studied the Armeria earth-
quake of 22 January 2003 M, 7.4 and the related aftershocks,
first using data from RESJAL and RESCO. After 72 hr, a port-
able seismic network was deployed to study aftershocks from
24 to 31 January 2003 (Nufez-Cornt e al., 2010). They sug-
gested that the Armerfa earthquake was the result of stress on
the continental crust caused by oblique subduction, and found
a subduction angle of 12° for the RP in agreement with Nuiez-
Cornt and Sinchez-Mora (1999).

Rutz-Lépez et al. (2013) examined the seismicity in the area
of BAB and the northern coast of Jalisco using data from
RESJAL to characterize active crustal seismic structures. Based
on the identification of seismic clusters using waveform cross cor-
relation, they identified 404 earthquakes, which had magnitudes
M7 < 3.6. Following earthquake relocation and estimation of
focal mechanisms, they determined that 96 earthquakes were
related to 17 potentially active continental structures.

Gutiérrez-Pefa ez al. (2015) analyzed and defined the geom-
etry of the southern part of the RP and the northern part of the
Cocos plate (CP) using the scismicity recorded by the MARS
experiment. More than 2100 carthquakes were located using
standard procedures and manually corrected phase and pick
detections. They found that the slab of the CP subducts uni-
formly at an angle of ~30° with a slightly curved geometry,
whereas the RP shows a low angle of subduction near the coast
and then steepens inland. There is, however, no continuity of the
hypocenters along with the projected RP slab in the profiles
perpendicular to the trench that they presented. Both plates show
oblique subduction toward the Colima graben; this is clear for
the CP with a dip angle between 6° and 11°; however, again, there
is no continuity of the hypocenters along with the projected slab
for the RP in profiles parallel to the trench. Abbott and
Brudzinski (2015) reprocessed the MARS seismic data adjusting
the automatic location algorithm and obtained nearly 1600 earth-
quake locations for the 18 months. They identified two seismic
clusters in the JB, onc in the 2003 carthquake epicentral zone, and
the second cluster north of this zone between Tamazula fault and
the Armeria River. This latter cluster was previously studied by
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faults zones associated with spreading. BC, Banderas Canyon; BFB, Banderas fore-arc block; IC, Ipala Canyon; IME, Islas Marias Escarpment;
SBF, San Blas fault (proposed); SC, Sierra de Cleofas; SPL, San Pedro Lagunillas; TF, Tamazula fault. Modified from Nafiez-Corni et al. (2018).
(Inset) Location map of the study area within the North American continent.

Nufiez-Corntt and Sdnchez-Mora (1999); seismic activity at the
2003 carthquake cluster can also be observed.

Using seismicity and wide-angle seismic data from a seismic
profile, Nufiez-Cornt e al., (2016) found that below BAB and
Puerto Vallarta, the thickness of the subducted slab is about
10 km with a dip angle of 10°. Beneath Puerto Vallarta, the
continental crustal depth is about 20 km.

To have an overview of the seismic patterns in the JB and
get a preliminary seismogenic map of the JB, here we present
the first study of seismicity in the region using RESAJ data
recorded between June and December 2015, a period during
which 17 stations were operating. Our results are then com-
pared with results of seismicity studies carried out in the JB
with temporal local seismic networks.

TECTONIC SETTING

Western Mexico (Fig. 1) resides at the intersection of the RP,
CP, and North America tectonic plates (DeMets and Stein,

1990; DeMets et al., 1994). Several triple junction locations
have been proposed in the literature (Fig. 2), but the seismo-
tectonic processes in operation remain poorly understood. The
existence of a tectonic unit in this region, known as the JB, has
been proposed by several researchers (Luhr er al, 1985;
DeMets and Stein, 1990; Allan e al, 1991; Frey er al.,
2007). The JB is bounded on the east by the CRZ, which
extends northward from the Pacific coast and connects at its
northern end with two other major extensional structures: the
Tepic-Zacoalco rift zone (TRZ, approximately northwest—south-
east trend), defined as the northern limit of JB, and the Chapala
rift zone (directions roughly from east to west). The connection
between the northwest edge of JB and the continent (the Tamayo
fault system) is not well defined. This border has been linked to
the San Blas fault as a continuation of the TRZ, or the Islas
Marfas Escarpment (IME), west of the Islas Marfas (Fig. 2).
Recent studies (Dafiobeitia et 4/, 2016; Nufez-Cornt e al,
2016) indicate that to the north of the Islas Marfas there is no
clear evidence of an active subduction zone (from north to south:
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selected for relocation. To relocate the events,
we used Hypo71PC (Lee and Valdés, 1985)
with the P-wave velocity model proposed by
Nunez-Cornt ez al. (2002). The following cri-
teria were used to select the earthquakes: at least
four P-wave and two S-wave readings, root
mean square of time residuals <0.5 s, epicentral
error <10 km, and depth error <10 km; seven
different depths were used as initial solutions.

The composite focal mechanism for seismic
alignments was evaluated using the MEC93
code (Nufnez-Cornt and Sinchez-Mora, 1999)
operating on outputs from the Hypo71PC.
MEC93 uscs a probabilistic approach proposed
by Brillinger ez al. (1980) (also in Udfas ez al,
1982). This program determines the orientation
of the fault planes using the polarity of the first
impulse of the P-wave arrivals to adjust the P and
T axes to the observations, a probability function
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A Figure 3. Location of Jalisco Seismic Accelerometric Telemetric Network sta-
tions operating during 2015. (Inset) Location map of the study area within Mexico.

Marfa Madre, Marfa Magdalena, and Marfa Cleofas). On the
other hand, there are faults on the western flank of the Islas
Marias, whereas to the south of Marfa Cleofas Island, the sub-
ducted slab of the RP is delineated by the seismicity (Tinoco-
Villa, 2015; Nfez-Cornti ez 4., 2016). The BAB area is under
substantial crustal stress due to the convergence of RP with the JB
(Kostoglodov and Bandy, 1995). Shallow submarine hydrother-
mal activity (Ntfiez-Cornt e 4/., 2000) on the northern side of
BAB could be associated with these stresses.

DATA

The seismic data obtained for this analysis were recorded by the
RESA]J using the Antelope system (Lindquist ez 4/, 2007); in
2015, RESA]J operated 17 seismic stations (Fig. 3) monitoring
in real time (Ntfiez-Cornt ¢f 4/, 2018). The average interstation
distance is 50 km. The stations are equipped with a Lennartz 3D
1 Hz sensor, a Quanterra Q330-6¢ch or Q330S-6¢ch Digital
Adquisitation System digitizer and a model ES-T Kinemetrics
episensor triaxial accelerometer; all stations have sampling fre-
quency 100 samples per second. The data used for this study
were recorded from June to December 2015.

SEISMIC ANALYSIS

Automatic RESAJ preliminary locations are generated by
Antelope system genloc algorithm (Lindquist ez 4/, 2007) and
yielded 1034 detections for this period. The seismic records
obtained by the RESA]J for the study period were read using
the Antelope software, and the 1034 detections were revised.
Earthquakes outside of the region and false detections were
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that combines the observations and the orienta-
tion of a model is maximized. It also calculates
the strike, dip, and slip of both nodal planes, the
direction of the P and T axes and the statistical
uncertainty of cach parameter. It uses a param-
cter p (or score), a relation between readings and theoretical
amplitude values, as a measure of the fit of a set of observations
concerning the joint solution.

102°'W

RESULTS

From the 964 carthquakes selected, a total of 683 carthquakes
met the Hypo71PC parameters defined for the location. These
carthquakes had magnitudes 1.0 < M7 < 4.0. From the epicen-
tral distribution shown in Figure 4, we suggest three seismogenic
crustal zones along the coast: (a) The BAB zone (BSZ), which
includes the seismicity between the Tomatlan River (TR) and
BAB; (b) The Purificacién River zone (PSZ), which consists
of the seismicity between the San Nicolas River (NR) and
Marabasco River (MR), showing an southwest-northeast align-
ment; and (c) The Minatitlan seismogenic zone (MSZ), which
includes seismicity between the MR and the Armeria River (AR)
and the seismicity along the as the west border of the CRZ. On
the northern coast of Jalisco, two areas with relatively low rates
of seismicity are observed, aseismic areas (ASA) X and Y (Fig. 4).
Inland, we found three zones: San Pedro Lagunillas (PLZ); The
Santiago River, in the area where the Bolafios River joins,
Santiago seismogenic zone (SSZ), which is the epicentral area
of the 11 February 1875 M 7.8 and 22 March 1878 M 7.1 earth-
quakes (Nufiez-Cornt er al, 2018); and the Guadalajara
Metropolitan zone (GMZ). In the study period, we observed
two carthquakes swarms: one at the BSZ between September
and November with 34 earthquakes located south of Puerto
Vallarta with magnitudes 1.4 < My < 3.5 (Fig. 5a). To identify
the type of faulting, we calculated a composite focal mechanism
grouped in two, one with 10 earthquakes and other with seven

Volume 90, Number 5 September/October 2019
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carthquakes, both having a reverse-type focal mechanism
(Fig. Sb). Fault planes were consistent with the hypocentral
alignment direction (Fig. 5a); the second swarm with seven
carthquakes located in the GMZ beneath the city of Zapopan,
it has a northeast—southwest alignment direction with depths
<20 km, M} < 3.0, and a length of 7.8 km (Fig. 6a). The
resulting composite focal mechanism using three earthquakes
indicated normal fault on a plane in agreement with the epicen-
tral alignment (Fig. 6b). In the study period, we did not observe
seismicity in the ACA zone (Nufiez-Cornt ez 4/, 2002) and the
region of Islas Marias and Sierra de Cleofas (Tinoco-Villa,
2015). Other seismogenic zones could be identified considering
the historical seismicity in the area, but there is still not enough
seismic information to accurately define them.

It is clear that the number of hypocenters determined in
this period is not sufficient to define the geometry of the slab,
but some measurements can be inferred and compared with
results of previous studies. To examine the depth distribution
of the located earthquakes, three profiles (A, B, C) were con-
structed in a southwest—northeast direction from the trench,
and three more (D, E, F) parallel to the trench (Fig. 4), to
capture the areas where the most significant number of loca-
tions is grouped. Each profile is 300 km long and 100 km deep.
In Figure 4, profile A has a width of 70 km, whereas profiles B
and C have a width of 40 km. From these profiles (Fig. 7), we
observed that the crustal seismicity is generated in the first
30 km of depth. The seismicity related to the subduction proc-
ess ends about 160 km from the trench. We also observe that
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A Figure 5. (a) Epicentral distribution for seismic swarm in BSZ; (b) the composite focal mechanism for both solutions, earthquakes, focal
planes, and score p (%).
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the subduction angle for the RP varies along the JB. With the
distribution of hypocenters available, different options can be
drawn in the different profiles, for the hypocenters in profile A
(Fig. 7a), we estimate a dip angle of 20° and 75 km is the maxi-
mum depth at which an earthquake is obtained. For profile B
(Fig. 7b), the estimated subduction angle is 29°, and hypocen-
ters reach a maximum depth of 70 km. The estimated dip angle

for profile C is 22° (Fig. 7¢). To observe the subduction geom-
ctry of RP parallel to the trench, we use profiles D, E, and F
(Fig. 4), each one with a width of 40 km. In profile D (Fig. 8a),
the Y ASA in the continental crust is determined between TR
and NR; although there are not enough hypocenters to delimit
the slab, the dashed line marks a dip angle of 26°. In profile E
(Fig. 8b), the lack of hypocenters is obtained in the X ASA,
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between Bahia de Banderas (BB) and coastline (CL), and Y
ASA in the continental crust can be observed between TR
and NR: there is a lack of hypocenters in the slab between
TR and MR; nevertheless, a 16° dip angle can be estimated.
In profile F (Fig. 8¢), a 12° dip angle is discernable.

DISCUSSION

Using the MARS Project data, Gutiérrez-Pena ez al. (2015)
and Abbott and Brudzinski (2015) extracted a catalog of 2100
and 1600 earthquakes, respectively. In both cases, roughly half
of the earthquakes are located in the JB and the other half in
the CRZ and Michoacdn region. In these studies, 350 and 265
carthquakes were obtained on average per semester in the JB,
respectively. Although these catalogs do not include the seis-
micity of BSZ, Rutz-Lépez et al. (2013) reported a list of 400
carthquakes in that zone for the year 2003. Ultimately, our
sample of 683 carthquakes can be considered representative
of the seismicity of one semester in the JB. Because of the sta-
tion’s distribution in the RESAJ network, the seismicity relo-
cated provides reasonable confidence in solution quality for
most of the events.

Locations are consistent with seismicity reports by Nufiez
et al. (2019) and agree with the epicentral map from Abbott
and Brudzinski (2015). The seismicity map from Nufiez ¢# al.
(2019) supports the existence of X and Y ASAs. There are
historic seismic reports for the SSZ and GMZ. In the case
of PLZ, no previous instrumental or historical seismicity is
known, but a newly installed geothermal power plant in the
epicentral zone; although no information about the operation
of the plant is available, the activity in this zone could be
related to fluid extraction and injection processes at the power
plant. In the case of the swarm in the GMZ, there are historical
reports of seismic swarms, some of which were very destructive.
Another such swarm occurred in May 2016, and the resulting
focal mechanism for this alignment indicated normal faulting,
in agreement with the work of Rengifo-Alcantara (2017) and
Singh ez al. (2017). The seismic swarm that took place in the
BSZ confirms the existence of active crustal faults in the zone
reported by Rutz-Lopez er al. (2013) as result of the complex
tectonic stresses in the zone (Kostoglodov and Bandy, 1995).

Our profiles in perpendicular and parallel direction to the
trench do not have the same orientations or width of those pro-
files used in the different studies published (Nufiez-Cornt ez 4,
2002, 2003; Rutz-Lépez and Nufez-Cornt, 2004; Abbott and
Brudzinski, 2015; Gutiérrez-Pefia et al, 2015; Nufez et al.,
2019; and so on). In addition, Abbott and Brudzinski (2015)
and Gutiérrez-Pefa et 4l (2015) do not take into account the
magnitude of the earthquakes, which is essential to define
the structural features. More specifically, in the case of Abbott
and Brudzinski (2015), a different P-wave velocity model was
used, which implies that the measured depths could be signifi-
cantly different. Hence, it is difficult to compare their dip sub-
duction angles to ours. However, all the studies failed to employ
enough hypocenters to define the slab clearly. Our profiles B is
approximately similar to profiles b from Gutiérrez-Pena et 4l.
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(2015); our profile C to profile d from Gutiérrez-Pefia et 4l.
(2015) and profile 3b from Nufez-Corntt and Sdnchez-Mora
(1999) in both cases hypocenter distributions are roughly in
agreement with one another although the interpretation differs.

Our profiles D, E, and F are similar to profiles A, C, and D
from Gutiérrez-Pefia e al. (2015), again hypocenter distribu-
tions roughly coincide, but the interpretation is slightly differ-
ent. In this case, besides the oblique subduction tilted toward
the CRZ observed in profiles D, E, and F (Fig. 8), the
change in the estimated dip angles estimated in these profiles
indicates a bending of RP as suggested by Nunez-Cornu e al.
(2002). It is not clear what is the origin or causes of ASA’s X
and Y, in the case of Y is clearly observed in profiles D and E
in the continental crust and lack of hypocenters in the area of
the slab is observed in profile E and profiles B and C from
Gutiérrez-Pefa et al. (2015).

CONCLUSIONS

This first study of the seismicity in the JB region using the
RESAJ network data shows its importance in understanding
local seismotectonic processes and confirming the complex tec-
tonics of the region. The analysis of 683 carthquakes that were
relocated for the period June—December 2015 provides a gen-
eral vision of the seismicity in the region and supports the
results of studies conducted in different times and areas of the
JB (Ntfiez-Cornti and Sdnchez-Mora, 1999; Nufez-Cornti
et al., 2002, 2003; Rutz-Lépez and Nufez-Cornt, 2004;
Rutz-Lépez et al, 2013; Abbott and Brudzinski, 2015;
Gutiérrez-Pefia ¢t al., 2015). Besides the seismicity associated
with the subduction process, our study sheds light on the fol-
lowing crustal continental seismogenic areas: BSZ, PSZ, MSZ,
GMZ, and SSZ. The origin of the seismic activity at PLZ
remains unclear at this point. During the study period, two
seismic swarms are obtained, and no relevant seismicity was
observed in the Islas Marias and ACA regions. The subduction
angles estimated with this dataset for the RP up to 150 km
from the trench vary between 20° and 29° (profiles A, B,
and C). Furthermore, profiles D, E, and F suggest oblique sub-
duction and bending of the RP.

We consider Figure 4 as a preliminary seismogenic map
for JB. More data from RESA]J is required to carry on detailed
studies for each seismogenic zone to efficiently evaluate the
seismic hazard in the JB. One of the first achievements of this
study is the deployment of a local telemetric seismic network at

the GMZ.

DATA AND RESOURCES

All geophysical data collected by Jalisco Seismic Accelerometric
Telemetric Network (RESAJ) are in a database at Centro
de Sismologfa y Volcanologia de Occidente (CA-UDG-276)
(SisVOc). The data may be available for use in collaborative
research projects between CA-SisVOc and other interested insti-
tutions by specific agreements. For more information, please
contact at pacornu’7@gmail.com. Hypocenters were located
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using HYPO71PC (Lee and Valdés, 1985). Focal mechanisms
were evaluated using MEC93 code (Nufiez-Cornti and Sanchez-
Mora, 1999). Maps and profiles were generated using Generic
Mapping Tools (GMT) v.5.5 (Wessel and Smith, 1998). K4
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