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The geodynamic complexity in the western Mexican margin is controlled by the multiple
interactions between the Rivera, Pacific, Cocos, and North American plates, as evidenced
by a high seismicity rate, most of whose hypocenters are poorly located. To mitigate this
uncertainty with the aim of improving these hypocentral locations, we undertook the TsuJal
Project, a passive seafloor seismic project conducted from April to November 2016. In
addition to the Jalisco Seismic Network, 10 LCHEAPO 2000 Ocean Bottom
Seismometers (OBSs) were deployed by the BO El Puma in a seafloor array from the
Islas Marías Archipelago (Nayarit) to the offshore contact between the states of Colima and
Michoacan. We located 445 earthquakes in four or more OBSs within the deployed array.
Most of these earthquakes occurred in the contact region of the Rivera, Pacific, and Cocos
plates, and a first analysis suggests the existence of three seismogenic zones (West,
Center, and East) along the Rivera Transform fault that can be correlated with its
morphological expression throughout the three seismogenic zones. The seismicity
estimates that the Moho discontinuity is located at 10 km depth and supports earlier
works regarding the West zone earthquake distribution. Subcrustal seismicity in the
Central zone suggests that the Intra-Transform Spreading Basin domain is an ultra-low
spreading ridge. A seismic swarm occurred during May and June 2016 between the
eastern tip of the Paleo-Rivera Transform fault and the northern tip of the East Pacific Rise-
Pacific Cocos Segment, illuminating some unidentified tectonic feature.
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INTRODUCTION

The Nayarit, Jalisco, and Colima coasts in the Pacific margin of Mexico are one of the most
seismically active areas in North America, in which destructive earthquakes of great
magnitude have occurred, generating small local tsunamis. There is also an important
seismic gap (Vallarta Gap) on the northern coast of Jalisco (Figure 1). The TsuJal Project
(Núñez-Cornú et al., 2016) had the objective of studying the seismic and tsunamigenic hazards
associated with the interaction of the Rivera plate, Jalisco Block, and the North American
plate. This project was conducted in two phases: 1) onshore and offshore active seismic
experiments and geophysical surveys, and 2) passive observations of natural seismicity. The
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second phase sought to characterize the seismicity of the area
between the Islas Marías, Bahía de Banderas, and along the
Middle America Trench (MAT). We present here the first
results for seismicity recorded during the second phase of the
TsuJal Project.

In addition to the Jalisco Telemetric Seismic Network (RESAJ)
(Núñez-Cornú et al., 2018), from April to November 2016, a
temporary seismic network (TN) with 25 stations with sensor Le-
3D MkIII was deployed from the northern part of the Nayarit to
the south of Colima, including the IslasMarías Archipelago (from
April 2016 to January 2017), providing a total of 50 seismic land
stations. Offshore, a network of ten Ocean Bottom Seismometers
(OBS) with four channels (3 short-period sensors and
hydrophone) type LCHEAPO 2000 was deployed from the
Islas Marías to offshore contact between Colima and
Michoacan states. The OBSs were deployed and recovered by
the research vessel BO El Puma (Universidad Nacional
Autonoma de Mexico); nine of them worked well. Sensors
recorded data from early April (Figure 1) through October 17.
In this period, the USGS reported six earthquakes occurred in this
region with magnitudesM > 5.0. Those were (1)May 7, 00:18MW

� 5.6; (2) May 7, 01:05, MW � 5.0; (3) June 1, 08:30, MW � 5.4; (4)
Jun 2, 02:23, MW � 5.4; (5) June 7, 10:31,MW � 6.3; and (6) June 7,
10:51, MW � 5.5.

Previous seismicity studies in the East Pacific Rise and
Rivera Fracture Zone using OBS were carried out between
March and April 1974 using three OBS in small arrays
(Prothero et al., 1976; Reid and Prothero, 1981). The areas
studied were the Rivera Fracture zone, the junction of the ridge
crest and the Rivera fracture zone, and the Rivera–Tamayo
fracture zone.

TECTONIC SETTING

The North American (NOAM), Pacific, Cocos, and Rivera (RP)
lithospheric plates interact in the western margin of Mexico
(Figure 1), but the seismotectonic processes are still not fully
understood. In this region, a tectonic unit exists, known as the
Jalisco Block (JB) (DeMets and Stein, 1990; Michaud et al., 1990;
Allan et al., 1991; DeMets andWilson, 1997). The JB (Figure 1) is
limited to the east by the Colima rift zone, which extends
northward from the Pacific coast and connects at its northern
end with two other major extensional structures: The Tepic-
Zacoalco rift zone (trending roughly NW-SE), defined as the
northern boundary of the JB, and the Chapala rift zone (trending
roughly E-W). The connection between the north-western border
of the JB and the continent is not well defined.

FIGURE 1 | Tectonic frame of the Pacific Mexican region. Abbreviations: BB, Bahía de Banderas; BBF, Bahía de Banderas fore-arc block (purple line); BC,
Banderas Canyon (yellow dashed line); ChR, Chapala Rift zone; CR, Colima rift zone; EGG, El GordoGraben; EPR-PCS, East Pacific Rise Pacific-Cocos Segment (yellow
line); IC, Ipala Canyon (yellow dashed line); IME, Islas Marias Escarpment (yellow light line); MAT, Middle America Trench (red line); MG, Manzanillo Graben; MoT,
Moctezuma Trough; MSS, Moctezuma Spreading Segment; PRT, Paleo Rivera Transform fault (yellow dashed line) [after Pelaéz-Gaviria et al. (2013); Núñez-Cornú
et al. (2018)]; RT, Rivera Transform (yellow line); SC, Sierra de Cleofas (pink dashed line); TZR, Tepic-Zacoalco Rift zone; V-Gap, Vallarta Seismic Gap. Seismic networks
used in this study: white inverted triangles correspond to RESAJ permanent stations; Cyan pentagons denote TsuJal temporary seismic stations (TN) and pink hexagons
are Ocean Bottom Seismometers (OBS).
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Recent studies (Dañobeitia et al., 2016; Núñez-Cornú et al.,
2016; Madrigal et al., 2021) indicate that north of Islas Marías
(from north to south: Maria Madre, Maria Magdalena, and Maria
Cleofas), there is no evidence of an active subduction zone;
instead, faulting at west flank of the Islas Marías is observed,
while southwards between Maria Magdalena and Maria
Cleofas islands the subducted slab of the RP is delineated
by regional seismicity. These studies show the existence of a
tectonic feature south of Maria Cleofas Island, the Sierra de
Cleofas. This 100 km long structure is oriented N-S and
marks the boundary of RP and JB, possibly arising from
compression by RP against the JB. It establishes where the
present-day subduction zone could begin and its presence is
also supported by associated seismic activity. Núñez-Cornú

et al. (2016) also suggest that Banderas Canyon may reflect
the eastern extension, which seems to continue to the east
through the Pitillal river’s valley. Continental stresses control
the morphology of Banderas Canyon. Núñez-Cornú et al.
(2016) show that the Bahía de Banderas area is undergoing
strong crustal stress via the convergence of RP (Figure 1).
Urías Espinosa et al. (2016) suggest that the existence of Ipala
Canyon is related to the extension produced by the sharp
change in the RP convergence, and Ipala Canyon may lie
along the southeast boundary of a major forearc block
(Figure 1), termed Banderas Forearc Block.

The atypical Rivera-Pacific-Cocos plate boundary is
considered to be a transform fault with a complex stress
pattern, which many authors have studied (e.g., Larson, 1972;

FIGURE 2 | Seismic traces corresponding to May 7, 2016, earthquake at 00:18 recorded by (A) Ocean Bottom Seismometers (OBS) and (B) Temporary seismic
(TN) and RESAJ networks. Stations ordered from nearest (OBS10) to the furthest (TS06L) to the earthquake.
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Reid, 1976; Mammerickx, 1980; Bourgois and Michaud, 1991;
Michaud et al., 1997; DeMets and Traylen, 2000; Michaud et al.,
2000; Peláez-Gaviria et al., 2013). Initially, the Rivera Transform
(RT) was proposed to consist of two domains (Larson, 1972; Reid,
1976; Mammerickx, 1980) divided at 107.5°W. The west domain

of the RT is an NW-SW elongate basin containing an intra-
transform spreading center, known as the Mid-Rivera Transform
Discordance. The presence of an intra-transform spreading
center at 108.25°W was first proposed based on local
seismicity studies conducted in the 1970s (Prothero et al.,

FIGURE3 | Locations of the seismic sequence occurred onMay 7–10, 2016 (86 earthquakes) with Antelope and Hypo-71. (A) Epicentral map (fill color proportional
to depth), where square symbols denote earthquakes located with OBS data located using Antelope system and velocity model iasp91. In contrast, circles represent the
RESAJ and TN data locations using Hypo-71 and P-wave velocity model VJB01 (Núñez-Cornú et al., 2002). (B)Cross-section along line P1. (C)Cross-section along P2
line. Pink hexagons depict OBS locations.
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1976; Reid, 1976; Prothero and Reid, 1982). In contrast, within
the east domain, the basin disappears and the transform fault was
originally mapped as a series of discontinuous ridges. Bandy et al.
(2011) proposed that the west domain of RT is divided into two
very different domains. The first, named “Intra-Transform
Spreading Basin,” is about 115 km long, extending from
107.30 to 108.42°W in the NW-SE direction. The second,
named “Leaky Transform Basin,” is an NW-SE elongated
structure, roughly 100 km long, extending from 108.42 to
109.21°W.

From bathymetry, Peláez-Gaviria et al. (2013) suggest that
this region can be divided into several morphotectonic zones,
some of which are described in previous studies. These include
1) zones related to the East Pacific Rise–Pacific Cocos Segment
(EPR-PCS) propagation and Moctezuma Spreading Segment
(Mammerickx, 1984; Bandy et al., 2008); 2) zones west of
Moctezuma Trough (MoT) (Figure 1) that are the older
crust created at the Mathematician Ridge through which the
EPR propagated; 3) zones formed by the older crust at the Rivera
Rise which is bent westward as it approaches the RT, due to
shearing during the initial formation of the RT (Lonsdale, 1995);
4) zones related to the EPR-PCS propagation to the north of the
Paleo Rivera Transform Fault (PRT), dated as 1.4 Ma; 5) the

area of MAT, which could be subdivided into three domains; 6)
zones located at NW of the El Gordo Graben, whose crust was
formed at the EPR-PCS before 1.5 Ma; and 7) the Continental
Shelf.

DATA PROCESSING AND SEISMIC
ANALYSIS

During the study period, the Jalisco Telemetric Seismic Network
(RESAJ) operated 20 seismic stations in the region, using the
Antelope system to acquire, process and store data in real-time.
This system also provided automatic preliminary locations, using
the iasp91 P-wave velocity model, in real-time. Afterward, a
seismologist reviewed P and S pickings. However, the depths
of the earthquakes were deeper than expected because the iasp91
model is not suitable for this complex tectonic setting. The
earthquakes were relocated using Hypo71 and a suitable
velocity model; locations and readings (P and S) were
integrated into a database.

Data recorded by the TN network were downloaded directly
and included in the Antelope system monthly, integrating with
those obtained from RESAJ network. At the end of the

FIGURE 4 | (A)Comparison between P-wave velocity models VJB01 and SVRV01. Model relocation errors for OBS data using Hypo71 with SVR01 velocity model:
(B) RMS; (C) ERH; (D) ERZ.
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experiment, a database (Land) was generated with the records of
both networks. The OBS data required a post-processing stage
that took more time to be integrated into a database in the
Antelope system. Our seismic databases (Land and OBS) include

the seismicity from May 1 to October 17, 2016. For this first
analysis, we follow the same methodology used by RESAJ in
on-land recent studies (Gutiérrez et al., 2015; Tinoco Villa,
2015; Marín-Mesa et al., 2019) to establish a reference frame

FIGURE 5 | (A) Epicentral map showing the May 7–10, 2016 swarm (86 earthquakes) located with Hypo-71 using OBS data and P-wave velocity model SVR01.
The white lines are the projection of seismicity throughout P1 and P2 transects with a width of 20 km; (B) Cross-section along P1 line; (C) Cross-section along P2 line.
Abbreviations as for Figure 1.
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FIGURE 6 | P-wave residuals for the OBS, RESAJ, and TN stations from Hypo71 locations using OBS data and model SVR01.

FIGURE 7 | Hypocentral map of the seismicity recorded from May 1 to October 17, 2016, using OBS (green triangles) database and relocated with Hypo-71 and
SVR01 P-wave velocity model. The A1974 gray rectangle denotes the position of the study area (a) reported for Prothero and Reid (1982). The blue dashed ellipse shows
the Pacific-Cocos zone (PCZ). Green dashed lines correspond to the projection of seismicity along P1, P2, P3, and P4 lines (see Figure 8). Abbreviations as for Figure 1.
RT-W, RT-C, and RT-E represent the three active segments of Rivera Transform from west to east. PRR, Pacific-Rivera rise. exhibits three active segments, or
seismogenic zones, from east to west.
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and compare the locations with and without OBS data,
allowing us to improve the methodology to locate oceanic
seismicity.

Earthquakes registered by the OBS array were identified using
the Antelope system (Lindquist et al., 2007) through a short-term
average/long-term average signal energy algorithm with a STA

FIGURE 8 | Seismicity projections along P1, P2, P3, and P4 transects, whose locations are shown in Figure 7. (A) Hypocentral cross-section along line P1; (B)
Hypocentral cross-section along line P2; (C)Hypocentral cross-section along line P3, ITSB: Intra-Transform Spreading Basin. LTB: Leaky Transform Basin (Bandy et al.,
2011); (D) Hypocentral cross-section along line P4. Dashed horizontal lines at 10, 15, and 30 km used as reference.
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window of 1.0 s and LTA window of 60.0 s, with detections in at
least four stations. Manual picking of P (vertical component) and
S (horizontal components) wave arrivals was done. Some time
readings from OBS (Figure 2) were arduous due to significant
background noise. At some stations, the signals were masked by
other oceanic signals; different passband filters to enhance the
signal according to the station and the epicentral distance, main
filters used were: (0.1, 1.0), (0.1, 5.0), (0.5, 3.0), (0.5, 10.0), (1.0,
5.0), (1.0, 10.0), (1.0, 15.0), (6.0, 8.0), (8.0, 10.0), (10.0, 12.0), (15.0,
30.0) Hz. Antelope automatically generates a hypocentral map;
locations are estimated using the iasp91 P-wave velocity model
these locations are shown in Supplementary Figure S0. Our
initial analysis made it possible to locate 550 earthquakes using
four or more OBS for the entire period. Some occurred outside of
the study area, so location quality for those was poor and not
considered.

The preliminary results using the Antelope OBS locations
establish two main seismogenic areas. The first one corresponds
to a longitudinal area where the seismicity is distributed along the
RT, slightly shifted NW of the tectonic feature. In contrast, the
second seismogenic region corresponds with an area between the
eastern tip of the PRT and the northern tip of the EPR-PCS,
defined as the Pacific-Cocos zone (PCZ), where epicenters are
aligned in a SE–NW direction. Some events are observed on the
west side and parallel to MAT. Scarce seismicity was identified in
the Islas Marías area; those identified show hypocenter depths
between 25 and 50 km or deeper. These values are questionable
for the oceanic crust, and therefore the mismatch in the depths
may be due to the P-wave velocity model (iasp91) used by

Antelope, combined with the network distribution. We
decided not to use Antelope locations for the analysis.

To analyze the quality of the earthquake locations, we studied
the seismic sequence that occurred between May 7 and May 10 in
the PCZ using both databases (Land and OBS). This seismic
sequence is in an area in the vicinity of four OBSs. On May 7, at
00:18, an earthquake Mw � 5.5 occurred, followed by a second
earthquake Mw � 5.2 occurred at 01:06. We located this swarm
using Land database as routinely RESAJ does with Hypo 71, using
the P-wave velocity model VJB01 (Figure 4A) (Núñez-Cornú
et al., 2002) and comparing with OBS Antelope locations
(Figure 3A). For this seismic swarm, 86 earthquakes were
located. Different hypocentral determinations were observed;
Antelope epicentral location depths are still greater than
20 km Hypo71 location depths agree with characteristic values
of an oceanic crust, but the epicentral area is 50 km in NE away
from Antelope epicentral area (Figures 3B,C).

To improve OBS locations, we adjust a 1D P-wave velocity
model using the Rivera crustal velocity models proposed by
Núñez-Cornú et al. (2016), Dañobeitia et al. (2016), and
Núñez et al. (2019) to relocate through Hypo71. As a test
group, we selected 30 earthquakes recorded by most of the
OBSs (at least eight OBS with clear P and S waves) to adjust
the SVRV01 model (Figure 4A) for which P and S residuals
were minimum. To obtain the best solutions using Hypo71,
eight different starting depths were used as the initial
solution. The 86 earthquakes of this period were relocated
using Hypo71 and SVR01 P-wave velocity model (Figures
5A–C), yielding a Root Mean Square (RMS) error with a

FIGURE 9 |Comparison between earthquake locations reported by the USGS and those obtained with the OBS network for our study period. (1) May 7, 00:18MW

� 5.6; (2) May 7, 01:05, MW � 5.0; (3) June 1, 08:30, MW � 5.4; (4) Jun 2, 02:23, MW � 5.4; (5) June 7, 10:31, MW � 6.3; and (6) June 7, 10:51, MW � 5.5.
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mean value of 0.31 s. The standard mean error of the
epicenter (ERH) and the standard mean value error of the
focal depth (ERZ) present values of 2.8 and 2.6 km,
respectively. The local magnitude (Lay and Wallace, 1995)
relation was used in this study.

Localization tests were made with Hypo71 joining both
databases (OBS and Land) and using both velocity models.
The results were unsatisfactory, the solutions did not always
converge, and the residuals were very high. To evaluate the use of
Land data at this stage of the process, we used as master events
this earthquake swarm (86 Eq.) located with OBS data using
Hypo71 and SVR01 velocity model, eliminating solution weight
for the Land stations. In this case, we observed that the stations in
the range of 140–240 km from the epicentral zone had residuals
of the P wave arrival times less than −1.0 s; distances greater than
330 km yielded residuals greater than 1.0 s (Figure 6). These
differences result from the seismic wave pathways that traverse
strong lateral velocity variations in the continental crust. This
indicates that additional corrections should be applied for each
seismogenic area to use on-land data. In the case of OB08 and
OB11, located on the North American plate near the trench, the
average residuals of the P-wave are −0.51 and −0.32 s,
respectively, indicating that structure imposes a little
significant effect on these OBSs (Figure 6).

The OBS dataset was relocated using Hypo71 and model
SVR01, obtaining a total of 445 relocated earthquakes
(Figure 7). The event distribution is similar to that obtained
with Antelope, but epicenters now correlate more closely with
known tectonic features. Not all the seismogenic areas have the
same station coverage, so each will exhibit its uncertainty
challenges and should be processed separately. However, this
study processed all similarly, and the RMS, ERH, and ERZ errors
for the region were within our chosen tolerances (Figures 4B–D).
Figure 8 shows the cross-sections at RT and PCZ, where
important changes are observed in in-depth distribution for
both areas. Most hypocenters were located between 0 and
10 km depth, agreeing with depths expected within the oceanic
crust. Nevertheless, a second group is observed at depths between
15 and 25 km, suggesting activity in the lithospheric mantle.

RESULTS AND DISCUSSION

More than 400 earthquakes were located in the study region from
May 1 to October 17, 2016. The seismic data obtained with the
nine OBS temporary array will provide new and valuable
information on the tectonics of the Rivera plate and its
interaction with the Jalisco block, Pacific and Cocos plates.
Our work analyzed regions exhibiting the most seismic activity
during the study period, corresponding to the Rivera Transform
(RT) and the Pacific-Cocos zone (PCZ).

Despite the tectonic complexity of our study region, it is
possible to deem the Rivera plate as a quasi-homogeneous
structure. Considering that all the stations, except OB08 and
OB11, were in the interior of this plate and seismicity is also
located within it or at its edges, we use the SVR01 P-wave velocity
model for event location at this processing and analysis stage.

The temporary network array design sought to record
seismicity along the Islas Marías Archipelago, Bahía de
Banderas, and the Middle America Trench, but events
were scarce in those regions. The seismicity recorded in
RT is mainly outside the network, resulting in a wide
azimuthal station gap, so we must consider a thorough
investigation to understand better the different
seismogenic zones identified. The distribution of stations is
oblique to the RT; however, it intersects this structure,
providing reasonable control of earthquake locations along
the tectonic edge. Also, S-wave readings for those events help
constrain the depths, and their location uncertainty is
reduced by the position of OB04 (Figure 1).

The relocation of the May swarm (Figures 3, 5) indicates that
estimated locations of Rivera plate seismicity using on-land
stations are shifted ∼50 km to the northwest. In Figure 9, we
compare the locations of the six earthquakes reported by the
USGS for this period with the OBS data locations. These events
are also shifted between 30 and 50 km in the northwest
direction, except for the earthquake (3), which is 50 km to
the southeast.

We can observe some general features from this location study
(Figure 7). The RT exhibits three active segments, or seismogenic
zones, from east to west 1) the RT-E between the Moctezuma
Spreading Segment and Moctezuma Trough; 2) The RT-C from
Moctezuma Trough to −108.25°; and 3) The RT-W from −108.25
to −109.10°. The most active area is the intersection of
Moctezuma Trough with RT. Another seismogenic zone is the
PCZ, where the epicentral distribution is more compact and
aligned to the SE-NW. Seismicity parallel and west of MAT is also
observed. Near the Islas Marías, two alignments perpendicular to
Islas Marías Escarpment, NW, and SE of Maria Madre Island are
identified.

Hypocentral depths (Figure 8) range primarily from 0 to
10 km depth, suggesting crustal thickness of 10 km in both areas,
PCZ and RT. An additional hypocentral distribution between 14
and 18 km is observed in PCZ (Figures 8A,B). The three sections
along the RT (RT-W, RT-C, RT-E) are distinct (Figure 8C). At
the RT-E section (Figure 8C), most depths range from 0 to
10 km. In the RT-C section, most of the events are located
shallower than 10 km, but hypocenters greater than 15 km
depth are observed. In the RT-W section, we observe very
shallow seismicity. Figure 8D shows the subcrustal seismicity
is SW of the RT, and the shallow seismicity is NE of the RT (see P3
mark as reference).

The seismogenic zones identified in this study correspond to
three different domains that divide RT, determined from
morphological studies (Bandy et al., 2011). From west to east
are: the “Leaky Transform Basin” domain, the “Intra-Transform
Spreading Basin” domain, and the East Domain (Figure 8), which
correspond to RT-W, RT-C, and RT-E, respectively. Our
observations suggest that the “Intra-Transform Spreading
Basin” is an ultra-low spreading ridge, similar to an analogous
feature exhibiting subcrustal seismicity as reported by Jokat et al.
(2012) and Schlindwein and Schmid (2016).

Prothero et al. (1976) reported that all reliable earthquakes in
this area were shallower than 10 km below the seafloor,
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suggesting 10 km as a lower limit for the brittle zone thickness in
this region. Our results agree with this value. Earthquake
locations obtained in 1974 in the Rivera transform [zone (a)]
were reported by Prothero and Reid (1982) (Figure 5), which are
consistent with our results in the RT-W region (Figure 7, square
A1974).

A monthly analysis allows us to study the seismicity that
occurred in the region in more detail, identifying temporal
patterns, swarms, mainshock-aftershock sequences, and
possible migration activity. In May (Supplementary Figure
S1), the most active area was the PCZ, where the May
5–7 mainshock-aftershock sequence with an alignment SW-NE
was observed; this is also observed in Supplementary Figures
S2A,B. The first earthquake 1)MW � 5.6 was located 7.5 km deep,
and the 2) MW � 5.2 at 2.4 km. Along the RT, the most active area
was the intersection of RT withMoctezuma Trough, which marks
the limit between RT-E and RT-C; perpendicular alignments
were also observed to Islas Marías Escarpment at María Madre
Island.

On June 1 (Supplementary Figures S3, S4), a MW � 5.4
earthquake 3) occurred at 0830 GMT, located at a depth of
1 km between the PCZ and the Moctezuma Spreading
Segment. This event was followed by another earthquake
4) MW � 5.8, which took place on June 2 at 0223 GMT
and located SW of the May alignment, on the edge of the
PCZ at 3.3 km depth. A new seismic sequence began on June 7
inside of the PCZ at the eastern tip of Paleo-Rivera
Transform, with an earthquake 5) MW � 6.3 occurred at
1051 GMT located 1 km deep, followed by another
earthquake 6) at 1058 GMT in the same area, with a
magnitude MW � 5.5 and hypocenter depth of 8.1 km. The
sequence consisted of 28 earthquakes for the period June
7–22 along a NS alignment. Moreover, we observed that
seismicity is shallow along the RT-W area; meanwhile, at
RT-C, it is deeper.

The seismicity observed in July is minimum in both areas
(Supplementary Figures S5, S6). In August, the most active
area is the intersection between RT and Moctezuma Trough
(Supplementary Figures S7, S8); again, there is shallow
seismicity at the RT-W area; meanwhile, the seismicity is
deeper at RT-C and SE of RT. No seismicity was located at
the PCZ in September (Supplementary Figures S9, S10). The
most active area is the western tip of the RT-W, showing the
same pattern of shallow seismicity at the RT-W and deeper
seismicity at RT-C. The seismicity for October 1–17 periods is
shown in Supplementary Figures S11, S12, where the most
active area is located at the intersection of RT-C with
Moctezuma Trough, which marks the border of RT-C with
RT-E.

CONCLUSION

The data analysis recorded during the TsuJal Project
represents the first inspection at an onshore-offshore data
acquisition and investigation in the region. Our catalog and
waveform database will provide the opportunity to advance

our knowledge moving forward significantly. This study supports
previous findings of a 10 km deep Moho and confirms previously
observed seismic patterns at the RT-E zone (Prothero et al., 1976;
Prothero and Reid, 1982). Subcrustal seismicity seen at the RT-C
zone suggests that the “Intra-Transform Spreading Basin” domain
is an ultra-low spreading ridge. Seismic swarms occurred between
May and June 2016 at the Pacific-Cocos zone, a previously
unidentified tectonic feature. Temporal analysis of the seismicity
for this period indicates that most of the seismicity in the region
occurred by seismic swarms, as reported by other authors
(Prothero et al., 1976; Tinoco Villa, 2015). We observed two
mainshock-aftershocks sequences and aisled earthquakes MW >
5.0. Locations from internationals and regional seismic networks
are between 30 and 50 km shifted from OBS locations. Therefore,
they cannot be used to characterize tectonic structures with a size
smaller than 100 km.

Due to the tectonic complexity of the region, a more extensive
and detailed study would be warranted. This study will improve
the earthquake locations using more advanced methods,
including 3D processes, and add land and island stations with
appropriate station corrections and velocity models. The use of
waveform analysis techniques (cross-correlations) will also
improve and expand the catalog. Focal mechanism calculations
will allow understanding the tectonic complexity of each
identified seismogenic areas.

The study highlights the critical need for permanent OBS
networks to monitor oceanic seismogenic regions adequately; this
is particularly important in areas hosting potentially hazardous
seismic activity, where significant crustal variability degrades
confidence in seismic observations using land-based stations alone.
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