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Abstract

The geometry of the Rivera and Cocos plates subduction below the North American plate
has been studied using a total of 5337 hypocenters located in the region of Nayarit,
Jalisco, Colima, and Michoacan states in western Mexico. Our results show that seismic
features of the subduction at Jalisco block (JB), Colima rift zone (CRZ), and Michoacan
block are well differentiated. Our study supports the hypothesis that the Jalisco subduc-
tion zone is composed of two fore-arc blocks, Banderas and Jalisco fore-arc blocks, sep-
arated by the Ipala canyon (Bandy fault). In this region, the crustal thickness of the JB is
~30 km, whereas the Michoacan block is 35 km thick. We identified four crustal blocks
along the coast in the JB from shallow seismicity data. Moreover, we found that the Rivera
plate is segmented into three sections with different sizes and geometries evidenced by
deep seismicity data. There is no evidence of a slab below the CRZ due to seismicity being
scarce, except on the coast and the Colima volcano area where deep earthquakes
(>70 km) are observed, which could be related to magmatic processes. The seismicity
of the subduction process of the Cocos plate appears homogeneous, except for a seismic
cluster at the mouth of Coalcoman River, where the epicentral area of the 1973 and 2021
earthquakes is located. Our results show that the Cocos plate is subducting with an incli-
nation of 24°-30° and is slightly bent in a northwesterly direction. Therefore, our study
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suggests that current seismotectonic models of the region should be revised.

Introduction

The states of Nayarit, Jalisco, Colima, and Michoacan are
included in one of the most seismically active regions of Mexico.
Since 1544, earthquakes have been documented (Nufez-Cornu,
2011), and strong events have occurred along the coast, such as
those of 3 June 1932 (M 8.2) and 18 June 1932 (M, 7.8; Fig. 1).
With the hypothesis that the Rivera plate (RP) and its slab have a
simple geometry, the average recurrence time for large earth-
quakes obtained by comparison with the return periods of similar
1932 earthquake events in the Jalisco block (JB) was about 77 yr
(Singh et al., 1985). Another earthquake with M 8.0 (Fig. 1) took
place offshore of Jalisco in October 1995, with its epicenter in the
southern half of the 1932 earthquake zone (Pacheco et al., 1997;
Escobedo et al., 1998). Other tectonic features also produce dev-
astating earthquakes: one occurred near Islas Marias archipelago
on 3 December 1948, causing extensive damage to the Maria
Madre Island (Fig. 1). A nonsubduction earthquake of M,, 7.4
occurred on 22 January 2003, within the continental shelf near
the Colima rift zone (CRZ; Nuiez-Cornu et al, 2004, 2010).
It has been identified in the coastal region of Jalisco-Colima-
Michoacan that at least 15 earthquakes with M > 7.0 have
occurred in the last 460 yr (Fig. 1, Table 1).
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Tectonic Setting

The interaction of the North American (NOAM), RP, and
Cocos (CP) tectonic plates (DeMets and Stein, 1990) generates
a notable geotectonic complexity in western Mexico (Fig. 1),
which still is poorly understood. The JB—an independent tec-
tonic unit of North American plate (Luhr ef al., 1985; DeMets
and Stein, 1990, Frey et al., 2007) is bounded by the CRZ on the
east; it borders the Pacific coast and bounds to the north with the
Tepic-Zacoalco rift zone with a northwest-southeast tendency.
The connection between the northwest margin of JB and the
continent is not well defined. This boundary has been associated
with the Islas Marfas escarpment (Fig. 1); furthermore, there is
no clear evidence of an active subduction zone north of Islas
Marias archipelago (from north to south named Marfa Madre,
Maria Magdalena, and Maria Cleofas) (Danobeitia et al., 2016;
Nuiez-Cornu et al., 2016; Madrigal et al, 2021). On the other
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hand, the Rivera subducted plate is delineated by seismicity at
south of Maria Cleofas Island (MCI) (Tinoco-Villa, 2015;
Nufez-Cornu et al, 2016; Carrillo-de la Cruz, et al., 2019;
Nufez et al., 2021).

It is well established (e.g., Fitch, 1972; Jarrard, 1986; Beck,
1991; McCaffrey et al, 2000) that the strain produced by
oblique convergence is commonly partitioned into a trench-
normal strain and a trench-parallel strain.

Although there are important differences between the vari-
ous models proposed for the relative motion between the RP
and NOAM (e.g., DeMets and Stein, 1990; Kostoglodov and
Bandy, 1995), most of the models predict that the convergence
direction between these two plates is increasingly oblique in a
counterclockwise sense relative to the trench-normal direction,
because one goes northwestward along the trench (e.g,
Kostoglodov and Bandy, 1995).

Because of the oblique convergence between the RP and
NOAM, the Mesoamerican Trench (MAT) curves sharply to
the north at 20° N and also increases markedly the obliquity
of subduction at 20° N; the fore-arc area between 19.82° and
20.16° N is subjected to greater trench-parallel extension than
areas to the north or south. Urias-Espinosa et al. (2016)
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Figure 1. Tectonic framework of the western Mexican region.
Rupture area proposed for 1932 earthquakes (1932 RA); 1995
earthquake aftershock area (1995 AA, Pacheco etal., 1997). 1973
and 2022 earthquakes aftershocks areas (1973-2022 AAs; Singh
et al., 2023). Abbreviations: BC, Banderas canyon (dotted line);
BdB, Bahia de Banderas; BFB, Bahia de Banderas fore-arc block;
JFB, Jalisco fore-arc block (Urias-Espinosa et al., 2016); MAT,
Middle American trench (black dashed line); MoT, Moctezuma
trough; MSS, Moctezuma spreading segment; PRT, Paleo Rivera
transform fault (blue dashed line; after Ntez-Cornu et al., 2018);
RT, Rivera transform fault (blue line); SC, Sierra de Cleofas (yellow
dotted line); TZR, Tepic-Zacoalco rift zone. Rivers are indicated by
blue squares: AR, Ameca; CR, Cohuayana; MR, Mascota; NR, San
Nicolas; OR, Coalcomén; PR, Purificacion; RR, Armeria; SR,
Santiago; and TR, Tomatlan. The yellow circles mark the epicenters
of the earthquakes in Table 1. (Modified from Marin-Mesa et al.,
2019). The color version of this figure is available only in the
electronic edition.

proposed that the fore-arc area of the Jalisco subduction zone
has been fractured, forming at least two crustal blocks.
Extensional structures are generated perpendicular to the
trench that marks the limit between the fore-arc’s main and
independent blocks. This structure corresponds to the Ipala
+ Volume XX Number XX XXXX XXXX
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TABLE 1
Historical Earthquakes with M > 7.0 with Epicenter
along the Coast

Number Date (yyyy/mm/dd) Time (hh:mm)
1 1563/05/12

2 1771/03/10 08:00
3 1847/10/02 07:35
4 1871/10/13 03:30
5 1875/03/09 09:21
6 1900/01/20 06:33
7 1932/06/03 10:36
8 1932/06/18 10:12
9 1934/11/30 02:05
10 1941/04/15 19:09
11 1948/12/03 00:22
12 1973/01/30 21:01
13 1995/10/09 15:35
14 2003/01/22 02:06
15 2022/09/19 13:05

Bold earthquakes represent continental events induced by the 1932/06/03 and 1995/
10/09 earthquakes, respectively.

canyon (Fig. 1)—the boundary between the Banderas fore-arc
block to the northwest and the Jalisco fore-arc block (JFB) to
the southeast. This also suggests that the areas north and south
of the canyon are separate crustal blocks.

Seismicity Background and Data

Despite the high seismicity in the region, it was not until 1994
that seismicity studies with local networks began (Nufez-
Cornu et al., 2002). Subsequent instrumental deployments
and works are described in Nuifiez-Cornu et al. (2018) and
Marin-Mesa et al. (2019). The first stage of the Jalisco
Seismic Accelerometric Telemetric Network (RESAJ) project
began in 2010 as a part of the work developed by the academic
group “Sismologia y Volcanologia de Occidente (SisVOc)” with
the deployment of ten stations (Nufez-Cornd et al., 2018). By
2018, 24 stations were operative in real time.

Using data from the Colima Telemetric Seismic Network
(RESCO), Nufez-Cornt and Sanchez-Mora (1999) carried
out a seismicity study in the area. These authors proposed a
dip angle for the RP between 12° and 20° at the southeast edge
of the JB. Nunez-Cornt et al. (2002) studied the seismicity
along the Jalisco coast using data from RESCO and Red
Sismica de Jalisco (RESJAL), deployed ten digital seismograph
stations to the west and north of JB in late 2001 by Civil
Protection of Jalisco State and Universidad de Guadalajara,
and analyzed 250 earthquakes distributed within three areas:
Volume XX« Number XX
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Bahia de Banderas, Amatlan de Caflas-Ameca, and the coastal
region related to the MAT. Using waveform analysis, Nufez-
Cornu et al. (2002) characterized two types of earthquakes in
this area: earthquakes generated within the slab (intraslab) and
continental earthquakes hypocenters for which were in the
slab—continent contact and continental crust. Moreover, they
proposed that this slab dips at an angle of 15° up to 160 km
from the trench and bends due to the oblique subduction.
Other local seismicity studies agree with this (Nufez-Cornu
et al., 2002; Rutz-Lopez and Nufiez-Cornd, 2004).

The 22 January 2003 M,, 7.4 Armenia earthquake and asso-
ciated aftershocks were studied by Nunez-Cornu et al. (2004)
using data from the local networks (RESCO and RESJAL); the
mainshock took place at 5.0 km depth. A study of aftershocks
was carried out 72 hr after the main earthquake for the period
24-31 January using portable digital stations (Nuiez-Cornu
et al., 2010). Based upon these observations and aftershock dis-
tribution, these authors proposed that the stresses generated by
the oblique subduction in the contact with the continental
crust caused the Armeria earthquake. Based on this aftershock
study, these authors also reported that the RP subducts at an
angle of 12° from aftershock studies, as Nufez-Cornad and
Sanchez-Mora (1999) proposed.

The geometry of the eastern part of the RP and the western
part of the CP was studied by Gutiérrez-Pefa et al. (2015) using
seismicity recorded by the Mapping the Rivera subduction zone
(MARS) experiment. Locating more than 2100 earthquakes, they
proposed that the CP is slightly curved and dips at ~30°, whereas
the RP presents a small dip angle in the coastal area increasing
toward JB. However, hypocenters and the projected RP present
no continuity in the profiles perpendicular to the trench.
Parallelly to the trench and toward the CRZ, both the plates
are subducting obliquely. It is possible to observe a dip angle that
varies between 6° and 11° for the CP. Yang et al. (2009) process
the MARS and Colima Deep Seismic Experiment (CODEX)
databases to carry out a tomographic finite-frequency seismic
study using 269 teleseismic earthquakes. Soto et al. (2009), using
seismic anisotropy, propose a mantle model for the CP and RP.
In another study using the MARS database and other two cata-
logs, Abbott and Brudzinski (2015) relocated nearly 1600 earth-
quakes (18 months) by applying an automated algorithm. They
identified two areas with high seismicity: the first one in the epi-
central region of the 2003 Armeria earthquake and the region
between the Tamazula fault and the Armeria river (RR).
These authors also reported seismicity in the 1995 earthquake
epicentral area. Watkins et al. (2018) also process the MARS
and CODEX databases using an automatic detection algorithm
to locate 803 earthquakes used in a tomographic study.

Nuiez-Cornt et al. (2016), using seismicity and wide-angle
seismic data (WAS), found that the subducted plate thickness
beneath Bahia de Banderas and Puerto Vallarta is at least
10 km with a subduction angle of 10°, whereas the depth of
the continental crust beneath Puerto Vallarta is ~20 km.
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Carrillo-de la Cruz, et al. (2019) studied the Tres Marias basin
(Fig. 1). Using marine multichannel seismic (MSC) data along
a profile perpendicular to Sierra de Cleofas (SC), they found
that RP is dipping with an angle of 6° and has a thickness
of 7 km. From TsuJal project, Nunez et al. (2019) examined
profile TS04 perpendicular to the coast using MSC and
WAS data, and found a thickness of 7 km for the RP dipping
14°. The profile only extended to near the shoreline. Nufiez-
Cornd et al. (2021) study the oceanic and continental structure
of the coast with a seismic profile (WAS and MSC) parallel to
the coast from the Islas Marias Archipelago to Chamela village.

Marin-Mesa et al. (2019) studied the seismicity recorded by
RESAJ from June to December 2015, locating 683 earthquakes
with magnitudes between M; 1.0 and 4.0. These authors
suggest the existence of three seismogenic zones along the
Jalisco coast: Bahia de Banderas, Purificacion river (PR), and
Minatitlan; and they identified two aseismic areas (ASA) X
and Y (Fig. 2). The seismicity analysis perpendicular to the trench
indicates that RP is dipping with an angle of 22° in the region of
Bahia de Banderas, whereas a dip of 31° in the PR (Fig. 1) and 28°
in Minatitlan (Fig. 1) is observed. Moreover, they analyzed the
geometry of RP using profiles parallel to the trench; a dip of 26°
to the southeast at 150 km from the trench and the ASA Y can be
observed. A dip of 16° and ASA X and Y are determined at
100 km from the trench. Between the coastline and the trench,
a dip angle of 12° in the southeast direction is suggested.

In this study, we use all the hypocenters available in the
CA-SisVOc database, which includes the studies conducted from
1996 to 2015 (Nunez-Cornu and Sanchez-Mora, 1999; Nufez-
Cornut et al., 2002, 2004, 2010; Rutz-Lopez and Nuiiez-Cornd,
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Figure 2. Number of events and periods of data registration used
in this study. The red line denotes the cumulative number of
events for our study. The dashed line blocks indicate noncon-
tinuous period register data. The color version of this figure is
available only in the electronic edition.

2004, 2013; Gutiérrez-Pefia et al, 2015; Marin-Mesaet al.,
2019), RESA]J relocated hypocenters for January-March 2016
were also included. We obtained a total of 5337 hypocenters
located with the same methodology, Hypo71PC (Lee and
Valdés, 1985) using the P-wave velocity model proposed by
Nunez-Cornu et al.(2002). At least four P waves and two S waves
readings were used, and we included only events with root mean
square <0.50 s, error in horizontal (ERH) <10.0 km, and error in
depth (ERZ) <10.0 km. Number of events and periods of data
registration used in this study are shown in Figure 2.

Seismic Analysis
The objective of this work is to study the database of seismic
hypocenters available for the JB and analyze the possibility of
identifying structures associated with seismic patterns. A map
of epicenters for all our events (Fig. 3) shows the main char-
acteristics of the seismicity in the region, here we indicate the
positions of the cross sections used to analyze the geometry of
the slabs, which do not always agree with those cross sections
studied by other authors.

From Figure 3 we observe that epicentral distribution is
different over Michoacdn block, CRZ, and JB. Distribution
of seismicity on the Michoacdn block starts almost at the
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coastline (~87 km from the trench) and looks roughly homo-
geneous, shallow near the coast, and deeper inland; a shallow
seismic cluster is observed at the coast in the mouth of
Coalcoman river (Fig. 1). Seismicity at CRZ is scarce, except near
its borders and in the vicinity of Colima volcano. Within the JB
we observe a heterogeneous epicentral distribution in agreement
with some previous works: A frame of seismicity along the coast
and offshore (at about 40 km from the trench) begins at SC
(Fig. 1) and ends at the RR (Fig. 1), where the coupling zone
between the slab and the continental crust generates a seismo-
genic zone due to the friction (CZ, gray line in Figs. 3 and 4), this
seismic alignment continues parallel to the coast until CRZ and
illuminates the seaward extent of seismogenic contact (CZ)
between RP and NOAM. This feature can be divided into three
segments: the first segment is from MCI (Fig. 1) to the area of the
Ipala canyon (IC, Fig. 1), where scarce seismicity is observed. The
second segment is south of the IC area to the Marabasco river
(MR, Fig. 1), where an aseismic patch (perpendicular to the
trench) of about 20 km wide is observed. Beyond this compara-
tively aseismic segment, the seismicity continues, but the CZ
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Number XX« XXXX XXXX

Longitude

www.srl-online.org

Latitude

OM>5.0
04.0<M<5.0
03.0<M<4.0
° M <3.0

-107° -106.5° -106° -105.5° -105° -104.5° -104° -103.5° -103° -102.5° -102°

Figure 3. Epicentral map of the seismicity analyzed in this study.
Profiles (in green squares): 1, 2, 3,4, 5,6,7,8, A, B, C,and D
indicated. Abbreviations: ChR, Chapala rift zone; CRZ, Colima rift
zone; EGG, El Gordo graben; TV, Tancitaro volcano; and TZR,
Tepic-Zacoalco rift zone. Circle sizes scale by magnitudes, and
color denotes event depth in kilometer. X and Y refer to aseismic
zones proposed by Marin-Mesa et al. (2019). The gray lines
depict the coupling zones between the slab and continental crust
of Rivera plate (RP) and Jalisco block (JB). The color version of this
figure is available only in the electronic edition.

moves inland to ~60 km from the trench. Several seismic align-
ments and clusters are observed between Bahia de Banderas and
the western limit of the CRZ (Fig. 1).

We observe that for the JB crustal and deeper seismicity
stops northeastern of cross-section B (Fig. 3), except for the
crustal seismicity of Bahia de Banderas seismogenic zone.

To study the seismicity characteristics, we split the region
into three areas: north (Fig. 4a), center (Fig. 4b), and south
(Fig. 3¢), and plot cross sections along profiles perpendicular
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epn i) (Fig. 5) and parallel to the trench (Fig. 6). Similar graphics for
the CRZ are presented (Figs. 7 and 8).

Banderas fore-arc block
The seismicity in the northern area of the region or Banderas
fore-arc block can be observed in Figure 4a. West of SC, a
seismic cluster with a depth between 20 and 30 km is observed;
this activity occurred as swarms (Tinoco-Villa, 2015). East of
SC and south of MCI, a shallow seismic alignment defines the
northern tip of RP and the beginning of subduction (Nufiez-
— Cornd et al., 2019). We observe seismicity distributed along the
G southern coast of Bahia de Banderas and west of the Tomatlan
— river (TR, Fig. 1) in a north-south direction. This horseshoe
. seismicity pattern delimits an area with sparse seismicity
Deetn km) defined as ASA X by Marin-Mesa et al. (2019). To the south-
: east, the ASA Y is observed on both sides of the San Nicolas
river (Fig. 1)—between the TR and PR (Fig. 1). Here, there is
significant seismicity offshore between the coastline and the
CZ. Figure 5a indicates a continental crust thickness of
25 km and a slab dipping at 24° up to 135 km from the trench
to the cross-section A zone. Cross-section 2 (Fig. 5b) shows a
crustal thickness of 25 km and a slab dipping 27° up to 95 km
from the trench at the profile D area; Figure 5c¢ also suggests a
crustal thickness of 25 km, and a slab dipping 27° up to 90 km
from the trench to the profile D area is also observed, ASA Y is
observed beyond 95 km. In Figure 6a (red area) cross-section
) , A, a dip angle of 18° is suggested for the slab in a southeasterly
~iasse ~tes° -045° -tos° -toa5° direction until a distance of about 145 km with a crustal thick

Latitude

e of 25 km at cross-section 2 area. In cross-section B (red area in
-t Fig. 6b), a dip of 13° is observed for the slab until 215 km in a
2 southeasterly direction in the same region where the crust
0 reaches 35 km thick; here, ASA Y is observed between 220
<o and 290 km. In cross-section C (red area in Fig. 6¢), a dipping
0 of 9° is observed in a southeast direction for the slab until
&0 135 km at cross-section 2 area, where we observe a thickness

for the crust of 25 km; here, the ASAs X and Y are observed.
Profile D (red area in Fig. 6d) shows that the seismicity is off-
shore between the coastline and the trench, with the slab dip-
ping 11° in a southeast direction until the Marabasco river
(Fig. 1), where the seismicity suddenly stops. After profile 5
projection, the seismicity is observed again until CGW; in this
region, the continental crust reaches a thickness of 35 km.

Latitude

Longitude

Figure 4. Seismicity map in: (a) northern Jalisco coast (Banderas JFB . o .

fore-arc block); (b) southern Jalisco coast (JFB); and (c) Colima rift In Figure 4b within the JFB, in the central area, two crustal
zone and west Michoacan areas. Circle sizes scale by magnitudes seismic alignments are visible at both sides of the PR, as well
and color denotes event depth in kilometer. X and Y refer to as seismicity along the Marabasco river, and between this river
aseismic zones proposed by Marin-Mesa et al. (2019). Letters in and the western zone of CRZ, defined as Purificacién seismo-

blue squares correspond to the rivers shown in Figure 1. Numbers
and letters in green squares correspond to the profiles shown in
Figure 2. The gray lines depict the coupling zones between the

genic zone (Marin-Mesa et al., 2019). The seismicity ends at
the western border of CRZ, marking the eastern border of

slab and continental crust of RP and JB. CV. Colima volcano: and RP. Seismic clusters offshore are related to the epicentral area
TV, Tancitaro volcano. The color version of this figure is available for 9 October 1995 M 8.0 (west) and 22 January 2003 M 7.3
only in the electronic edition. (east) earthquakes. Offshore seismicity near Paleo Rivera
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The color version of this figure is available only in the electronic

Abbreviations: CL, Coastline; CRW, Colima rift west border; and Y edition. (Continued)
refers to aseismic zone proposed by Marin-Mesa et al. (2019).
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figure is available only in the electronic edition.
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transform fault (Fig. 1) has been studied by Nufiez-Cornu et al.
(2021). In cross-section 4 (Fig. 5d), a fragmented slab is inter-
preted. From the trench to 30 km, a dip of 47° is inferred; from
30 to 90 km, we note a dip angle of 15° and a dip of 41° is
measured from 90 to 140 km; we observe a crustal thickness
of 30 km. A similar pattern for the slab is observed in cross-
section 5 (Fig. 5e), from the trench to 25 km, a dip of 40°, from
25 to 80 km, a dip of 15°, and from 80 to 145 km dipping to 35°;
crustal thickness observed is also of 30 km. In cross-section B
(Fig. 6b), seismicity between profiles 3 and 4 suggests a crust
that is 35 km thick. In cross-section C (Fig. 6¢) at the green
area, the crustal and slab seismicity stops at the western border
(CRW) of CRZ. A seismic alignment, 130 km long westward,
starting at CRW, at 30 km depth until profile 3 at 85 km depth,
with a dip of 28° in a northwest direction, can be seen; it crosses
the areas of cross-sections 3, 4, and 5. The seismicity between
50 and 80 km depth around cross-section 5 corresponds to the
limit of the edge of the slab. In cross-section D (green area in
Fig. 6d), where the seismicity is offshore between the coastline
and the trench, we observe that the slab tilts 11° in a southeast
direction to the Marabasco river (Fig. 1), where the seismicity
stops suddenly. After the projection of profile 5, the seismicity
is observed again up to CGW. In this region, the continental
crust reaches a thickness of 35 km.

Michoacan block

For the western Michoacdn block, seismicity is plotted in
Figure 3c. Here, we observe that, unlike the RP, the seismicity
between the coast and the trench is sparse. A seismic cluster at
the mouth of Cohuayana river (CR, Fig. 1) agrees with the epi-
central area of the 1973 and 2022 earthquakes (Fig. 1), while
the remaining seismicity is evenly distributed. A seismic cluster
is observed in the northeast area of the region at the Tancitaro
volcano zone, and this activity was studied by Pinzén et al.
(2016). In cross-section 6 (Fig. 5f), we inferred two sections
for the slab: the first from the trench inland 80 km with a
dip of 17°, the second from this 80 km position to 200 km with
a dip of 33% we estimate a crustal thickness of 30 km. In
Figure 5g, cross-section 7, the slab is also manifested in two
segments: the first one from the trench inward 50 km with
a dip of 17°, and the second from 50 to 190 km inland with
a dip of 28°% a 32 km thick crust is observed for the continental
crust. Cross-section 8 (Fig. 5h) exhibits two segments again:
one from the trench to 65 km with a dip of 17°, and the second
from 65 to 210 km with a dip of 24° with a crustal thickness of
40 km and sparse seismicity. The Cocos slab with a length of
100 km is observed in profile A (Fig. 6a) between profile 8 at
75 km depth and profile 6 at 95 km depth, dips 13° westward;
there is insufficient data to estimate the continental crust thick-
ness. In cross-section B (Fig. 6b), we observe the Cocos slab
between profiles 8, at 60 km depth, and CRE, at 100 km depth,
with a length of 160 km dipping 12° westward; a 50 km crustal
thickness is inferred. Figure 6¢ (cross-section C) shows the

12 Seismological Research Letters

Cocos slab from profile 8 to CRE with a length of 140 km dip-
ping in a northwest direction, 10° between 40 and 70 km depth;
a continental crust of 35 km thick can be inferred. In cross-sec-
tion D (Fig. 6d), we do not observe the slab clearly; a continental
crust of 30 km is observed; the seismic cluster associated with
2022 and 1973 earthquakes near profile 7 can be seen.

CRZ

The seismicity at CRZ is shown in Figures 7 and 8; the CRZ is
between CR and RR (Fig. 1) and is oriented roughly north-south.
Seismicity within the CRZ is sparse, although there is some seis-
micity offshore and near Colima volcano (Fig. 1). Along cross-
section GCol (Fig. 7b), we infer a crustal thickness of 35-45 km,
more profound events are observed below Colima volcano in the
GF cross-section area; these may be associated with the volcano
magmatic plumbing system. We do not observe any seismic
evidence of a slab under CRZ, in contrast to cross-sections 5
and 6. The seismicity in the GE profile (Fig. 8a) is sparse and
resides between 0 and 30 km depth at the GCol profile area.
In Figure 8b, the seismicity in the GCol cross-section area occurs
between 0 and 40 km; deeper seismicity is observed under
Colima volcano, which, again, may be associated with the vol-
cano. In Figure 8¢, seismicity is sparse in the GCol profile area.
Figure 8d shows the seismicity on the western side of GCol pro-
files concentrated offshore. Meanwhile, the seismicity on the
eastern side may be associated with the edge of the Cocos plate.

Discussion
We use the most comprehensive local seismicity database
available to analyze the regional seismically active features that
define the geometry of tectonic structures in the western region
of Mexico. This analysis shows that seismic patterns associated
with the subduction process of the RP and Cocos plate below
the North American plate are different.

Shallow seismicity (depth <30 km) in the JB (Fig. 9a)
presents different seismic patterns and clusters; meanwhile,
at the Michoacan block, the seismic activity is “random” dis-
tributed, except for the seismic cluster near the region where
the 1973 and 2022 earthquakes occurred. The CRZ marks a
clear separation between both the continental blocks. The
Colima volcano edifice looks to have emerged between both
the blocks and may act like a pull-apart mechanism to the
blocks. The RR defines the western border of the JB.

At the Colima rift, we record insufficient seismicity to clearly
define the thickness of the crust (Figs. 7b and 8). Nufez Cornu
et al. (1994) conducted a refraction experiment to study the
crust at the CRZ, their longest profile perpendicular to the
trench (green line, Fig. 7) was Zapotiltic-El Real (110 km),
and they did not report the Moho depth. Based on refraction
penetration depth as a function of offset, this implies that the
thick crust should be greater than 35 km.

The seismic patterns at JB suggest the existence of several
structures (Fig. 9b). It is clear that the Jalisco subduction zone
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is segmented. The Banderas
block and JFB are separated
by the Bandy fault near the
IC and TR. At the Banderas
fore-arc block, we observe an
area defined by a horseshoe-
shaped seismic pattern along
the TR and south of Bahia de
Banderas; this surrounds ASA
X, which can be considered a
crustal block. This block can
be associated with the Puerto
Vallarta batholite (Gutiérrez
Aguilar, 2019), and we have
termed it the Puerto Vallarta
block (PVB, Fig. 9).

At the JFB, we observe at
least three crustal blocks. East
of Bandy fault, we observe
the San Nicolas block (Fig. 9b).
The seismicity starts at CZ and
stops abruptly at about 90 km
eastward from the trench
(20 km from the coastline).
Beyond this, the ASA Y contin-
ues landward. The structure of
the slab and the crust in this
area was studied by Nuifiez-
Cornu et al. (2019) using the
wide-angle seismic  profile
TS04 from the TsuJal project,
which is very near to profile
3 (Fig. 5¢). There is no clear
surface feature to identify the
east border of this block in
the Chamela area (Fig. 1). The
next block to the southeast is
the Purificacion block (PB,
Fig. 9b), characterized by seis-
mic alignments parallel to PR,
as observed in cross-section 4
(Fig. 5d). Here, crustal seismic-
ity occurs up to 170 km from
the trench, and its crustal
thickness is about 30 km. The
eastern limit of the PB is defined
by an aseismic patch of ~20 km
wide, perpendicular to the
trench, that begins at the mouth
of the Marabasco river. East of
this strip is the Minatitlan block
(MiB, Fig. 9b) in which we
observe that the CZ is offset
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Volume XX

by 20 km inland; the eastern
border of MiB is the RR.
Between the trench and the
coast, we observe the 1995
(west) and 2003 (east) earth-
quake epicentral areas. Inland,
seismicity is located between
the northern segment of the

Marabasco river and RR
(Fig. 4a,b).

In Figure 10a, we show all
hypocenters with a depth

greater than 30 km. Based on
this seismicity, clear differences
can be seen between the RP and
the CP separated by the CRZ.
The CP is a single structure,
whereas for the RP we identi-
fied three structures: one to
the north of the Bandy fault,
the Rivera western segment
(RWS) in the Banderas fore-
arc block, and two in the JFB,
the Rivera central segment
(RCS) and the Rivera eastern
segment (RES; Fig. 10).

Figure 10b shows the tilt vec-
tors obtained from profiles in
Figures 5 and 6, superimposed
on structures to illuminate the
geometry of these structures.
The subduction process of the
CP is most closely approximat-
ing a typical process with a dip
angle that ranges from east to
west from 24° to 33°. The slab
presents a bend in the northwest
direction and increases in depth
up to 13° This bend suggests
that the seismic radiation pat-
terns are oriented in a northwest
direction—the reason why the
large earthquakes that occur in
Michoacan cause so much dam-
age in the eastern region of
Jalisco and agrees with the rup-
ture directivity observed by
Singh et al. (2023). The RP is
segmented into three units:
one the RWS in the BFB and
two segments the RCS and the
RES in the JFB. The three
segments  display different
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geometries and sizes. The larger segment is the RWS; its geom-
etry is similar to the geometry expected for the RP due to the
process of oblique subduction dipping with an angle between
24° and 27° and bending slightly (13°) in a southeast direction,
as previously published by Urias-Espinosa et al (2016). To
the south of the Bandy fault is the RCS, which is the smallest
segment. This presents features similar to the RWS in the dip
angle, perpendicular to the trench, and bending along the coast
(Fig. 6d). A small gap in the seismicity corresponding to the
Bandy fault is observed at 160 km. Landward the seismicity ends
at 90 km from the trench (Fig. 5¢); in contrast to ASA Y, it seems
that this segment is truncated. From Figure 4d,e, we interpret the
RES as a fragmented slab with a dip of 41° and a depth of 90 km
at 140 km from the trench. Nevertheless, Figure 6¢ shows that the
slab, with a width of 130 km, has an inclination of 28° to the
northwest, perpendicular to the subduction direction. We sug-
gest that after the separation of the Banderas block and JFB,
the complex stress pattern in the JFB caused segmentation of
the slab and fracture or truncation of the RCS. The truncated
segment dragged down the RES, explaining also the inland shift
of the CZ (Fig. 4c). We do not, however, observe clear evidence of
the subducted truncated slab.

Different models based on seismic data have been proposed
to define the RP and CP geometry; most assume a regular
geometry for both the plates. The most recent studies use the
MARS database, also included in our study. However, the cover-
age of the MARS network on the northern coast of Jalisco is
very poor. Seismicity studies using MARS and CODEX data
(e.g., Yang et al, 2009; Watkins et al, 2018; Abbot and
Brudzinski, 2015) differ slightly from the results obtained by
our group. We differ in how we process and analyze the data;
we carefully choose the places to draw the profiles and define the
bandwidth of the profiles used to identify possible structures.

Yang et al. (2009) state that beneath the northern part of the
CRZ at a depth of 150 km, there is a gap between the RP and the
Cocos plate, and they behave as two independent subduction
processes from this point on. In this model, the RP and CP, after
100 km depth, increase their subduction angle to more than 60°,
reaching more than 200 km depth under the Mexican volcanic
axis. Other authors have used this model (e.g., Soto et al., 2009;
Manea et al., 2013) as a basis for their studies.

Our seismicity study shows that the two plates are separated
from the trench by the CRZ (under which no slab was identi-
fied), and that each plate has its geometry and different
rheological characteristics. On both the plates, the deepest earth-
quakes we located are at 100 km; so we do not have information
below this depth. The difference is that the method used by Yang
et al. (2009) does not have enough resolution to see small struc-
tures in the upper crust. The bandwidth used by Watkins et al.
(2018) and Abbot and Brudzinski (2015) in their profiles needs
to be narrower to identify the crustal structures.

Until now, the existence of a segmentation in the RP had
not been proposed; the previous hypothesis assumed a simple
Volume XX« Number XX
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geometry for the RP that broke in its entirety with the two
earthquakes of 1932 (Singh et al., 1985) but not explains the
1934 earthquake (earthquake 9, Fig. 1) with epicenter in the
PVB; however, there is no relevant data about a tsunami gen-
erated by this earthquake (Trejo-Gomez et al, 2021), it was
probably a crustal earthquake like the one in 2003 (earthquake
14, Fig. 1; Nufez-Cornu et al., 2004, 2010). These earthquakes
(1934 and 2003) took place a short period after the big earth-
quakes (1932 and 1995), which suggests that they were induced
by the stress liberated by the big earthquakes. The seismic haz-
ard in the region should be reevaluated due to the possibility of
earthquakes M > 7.0 in the crustal blocks.

Trejo-Gémez et al. (2021) modeled the run-up and the extent
of flooding generated by the tsunami caused by the 1995 earth-
quake. For this, they used a simplified seismic source model cor-
responding to an earthquake M,, 8.0 with a rupture area of
A = 9000 km? (L = 150 km, W = 60 km) with a heterogeneous
coseismic dislocation divided into two sectors: the eastern sector,
between the CRW and Careyes (Fig. 1) with a length of 90 km
and a width of 60 km and dislocation of 3 m, and the western
sector west of Careyes with a length of 60 km and a width of
60 km with a displacement of 1 m. A rough correlation is
observed between the eastern sector with the RES and the
western sector with the RCS. Under this hypothesis, the 1995
earthquake would have been generated by the slip of the RES
and RCS sectors, and the slip of RWS and RCS caused the
1932 June 3 earthquake while the 18 June 1932 by the slip of RES.

The strength of the interpretation presented in this work lies
in the fact that, although we do not have a continuous catalog
of earthquakes, the reported seismicity allows us to clarify the
existence and geometry of multiple tectonic structures, some of
which may give rise to large magnitude events.

Conclusions
The main conclusions of this study are:

1. The data analyzed supports the fracture of the Jalisco sub-
duction zone into at least two fore-arc blocks, the Banderas
block and JFB, separated by the Bandy fault.

2. The crustal thickness of the JB in this region is ~30 km.

3. Shallow seismicity on the Jalisco coast suggests the exist-
ence of four blocks.

4. Deep seismicity indicates that the RP is divided into three
segments: the Rivera west segment, the RCS, and the RES.

5. The RWS from SC to the Bandy fault subducts at an angle
of 24° up to 135 km from the trench, reaching a depth of
55 km. This is slightly bent in a southeasterly direction.

6. The RCS between the Bandy fault and PR subducts at an
angle of 27° and reaches a depth of 45 km at 90 km from
the trench; it seems truncated.

7. The RES presents staggered subduction angles and is bent
northwesterly, reaching a depth of 90 km at 145 km from
the trench.
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8. No seismic evidence of a slab under the CRZ was found.
The crustal thickness is greater than 35 km.

9. The crustal thickness of the Michoacan block in this region
is ~35 km.

10. Cocos plate subducts with an angle that varies between 24°
and 33° perpendicular to the trench and is bent 12° to the
northwest, reaching a depth of 100 km at 210 km from the
trench.

These results suggest that the current seismotectonic models of
the region should be revised.

Data and Resources

All geophysical data collected by Jalisco Seismic Accelerometric
Telemetric Network (RESAJ) are in a database at CA-UDG-276
Sismologia y Volcanologia de Occidente (SisVOc). The data may be avail-
able for use in collaborative research projects between CA-SisVOc and
other interested institutions by specific agreements. For more informa-
tion, please contact pacornu77@gmail.com. The authors used the Generic
Mapping Tools (GMT) version 6.2 (Wessel et al., 2019) to generate maps
and profiles.
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