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Abstract

Jalisco is located in the contact of tectonic plates that have
generated earthquakes along the coast and within the
continent, its limits include several geological provinces:
Central Table, Jalisco Block, Sierra Madre del Sur, Sierra
Madre Occidental and Mexican Volcanic Belt, the latter,
characterized by its recent volcanic and tectonic activity,
within it there are various towns such as Jocotepec and
Ciudad Guzman that, recently, have been affected in their
infrastructure by landslides and differential settlements of
the land, of which it is unknown for sure. its origin and
even when the movement has been reported, it has not
been measured as a whole to define if it is a sunken block
(which can be associated with tectonism) or it is only a
subsidence (extraction of water or decomposition of
organic matter). Due to the deformation of the soil in
several towns in Jalisco, as is the case of Jocotepec and
Cd. Guzman, it is proposed to implement a methodology
that includes the measurement of the deformations that
have occurred considering milestones outside the graben,
monitoring possible gas emissions (methane and radon) in
the cracks, install geophysical equipment to determine if
the Curie point is affected and detect punctual seismicity.
Keywords; Tectonic trenches, gases, active volcanism,
ground deformation.

Tectonic trenches, Active volcanism, Ground
deformation

Resumen

Jalisco se ubica en el contacto de placas tectonicas que han
generado sismos a lo largo de la costa y dentro del
continente, sus limites incluyen varias provincias
geoldgicas: Mesa Central, Bloque Jalisco, Sierra Madre
del Sur, Sierra Madre Occidental y Faja Volcanica
Mexicana, esta Gltima, caracterizada por su actividad
volcénica y tectonica reciente, dentro de ella existen
diversas poblaciones como Jocotepec y Ciudad Guzméan
que, en fechas recientes, han sido afectadas en su
infraestructura por deslizamientos y asentamientos
diferenciales del terreno, de los cuales se desconoce con
seguridad su origen y aun cuando se ha reportado el
movimiento, no se ha medido en su conjunto para definir
si es un blogue hundido (que pueda asociarse a
tectonismo) o solo es un hundimiento (extraccion del agua
0 descomposicion de materia organica). Por la
deformacion del suelo en varias poblaciones de Jalisco,
como es el caso de Jocotepec y Cd. Guzman, se propone
implementar una metodologia que incluye la medicion de
las deformaciones ocurridas considerando mojoneras
fuera del graben, vigilar las posibles emanaciones de gases
(metano y radén) en las grietas, instalar equipo de
geofisica para detectar sismicidad puntual.

Fosas tecténicas, Dolcanismo activo, deformacion del
terreno
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Introduction

The decade of the nineties was decreed by the
United Nations (UN) as the decade for disaster
prevention. During this decade, the University of
Guadalajara (UdG) carried out the first Risk
Atlas for the Guadalajara Metropolitan Area
(UdG, 1994). The UN made an account of the
disasters that have occurred worldwide and
stated that.

The objectives set to prevent disasters
were not achieved, so they propose to continue
with the necessary actions for an indefinite
period of time to achieve the reduction of
disasters worldwide. Among these actions were
courses (now taught at the undergraduate and
graduate levels), dissemination of information
resulting from research on hazards and risks,
through various publications and through web
pages.

The General Law of Ecological Balance
and Environmental Protection was created, State
Law on Ecological Balance and Environmental
Protection and the Law on Civil Protection were
created. In addition, the definitions of Risks,
Threats and Vulnerability were introduced.

In addition, institutions such as the
National Center for Disaster Prevention
(CENAPRED) and, at the state and municipal
level, Civil Protection Units were created and
strengthened.

Five geological provinces converge in
Jalisco; Sierra Madre del Sur, Jalisco Block,
Sierra Madre Occidental, Mesa Central and
Mexican Volcanic Belt, whose ages are 200
million years old to date, besides having a
patrimonial sea (where the greatest number of
epicenters are registered), islands and marine
platform of interest, but little studied,
geologically speaking.
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Jalisco according to the General
Secretariat of the Government of the State of
Jalisco - Directorate of Municipal Studies (2022)
is located in the central western part of the
Mexican Republic (approximate coordinates 20°
34'00" N and 103°40°35" W), bordered to the
west by the Pacific Ocean, to the north by
Nayarit, Zacatecas and Aguascalientes, to the
northeast by San Luis Potosi, to the east by
Guanajuato, to the south by Michoacan and
Colima. Jalisco is divided into 125
municipalities, nine of which form the
Guadalajara Metropolitan Area, and twelve
administrative regions.

Its morphology is varied, starting with
the coast of the Pacific Ocean and highlighting
some elevations such as; EI Nevado de Colima
(4,260 meters above sea level), Colima Volcano
(3,820 meters above sea level), Sierra de Tapalpa
(2,940 meters above sea level), Tequila Volcano
(2,940 meters above sea level), Cerro Viejo
(2,880 meters above sea level), Sierra el Tigre
(2,840 masl), Sierra de Manantlan (2,840 masl),
Sierra Alta (2,850 masl), Sierra Huichola (2,860
masl) and Cerro Gordo (2,670 masl).

The main urban and industrial
settlements compete for space and water
resources in the valleys of La Barca, Ocotlan,
Ameca and Guadalajara, which are located
within the Chapala, Colima and Tepic-Chapala
tectonic basins.

Among the main active tectonic zones
are the Chapala graben (including the Citala
graben), Tepic-Chapala and Colima grabens,
which converge in the Triple Union located in
the Zacoalco de Torres - San Marcos region.
Within the Chapala graben there are volcanoes
dissected by faults or associated to regional
faults of E-W direction.

The aforementioned grabens have been
filled by sediments throughout their history.
Geothermal wells drilled in San Marcos report
750 m thick sediments, which have
intercalations of organic matter and sediments.
In the south of Lake Chapala, organic matter has
generated chapopotera and methane gas
emanation.
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The region is tectonically active as
evidenced by historical and current seismicity in
different parts of Jalisco. On March 25, 1806, a
strong earthquake collapsed the vaults of the
main temple, burying approximately 2,000
people, Government of Jalisco (2022). In 1568,
there was an earthquake with an estimated
magnitude of 7.6 that affected the communities
of Ameca to Sayula (Suter, 2015). In Cd.
Guzman, on March 25, 1806, a strong
earthquake collapsed the vaults of the main
temple, burying approximately 2,000 people
where there have been strong earthquakes,
which have caused the death of thousands of
inhabitants (Gobierno de Jalisco (2022)).
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Figure 1 In 1847, in Ocotlan, east of Jocotepec, a 5.7
magnitude earthquake occurred where at least 58 people
died

Source: (Suter, 2018)

We present a detailed review in two
localities that evidence ground subsidence:
Jocotepec and Ciudad Guzman. The available
information is found in scientific journals,
popularization, congress abstracts, laws.

Our purpose is to present a proposal to
monitor ground subsidence in populations or
localities vulnerable to aquifer overexploitation
and/or seismic activity.

The identified sites of interest were
located using the Google Earth program and
periodic feedback was obtained through the
Mendeley program, Dianet fins, ScienceDirect
Messa, Academia.edu and ResearchGate. From
the above, papers associated with the topic and
the area of study were selected and are cited as
references. The literature review shows that
Jocotepec and Ciudad Guzman are located near
regional faults such as graben or semi-graben,
but also where recent volcanic activity has
developed, as in Ciudad Guzman.

ISSN-On line: 2444-4987
ECORFAN®AlI rights reserved.

December 2022, VVol.8 No.21 6-13

Ciudad Guzman and Jocotepec: Geologic
Locations

The western part of the Transmexican Volcanic
Belt is characterized by the presence of three
tectonic trenches (Figure 1). Jocotepec is located
at the western end of the Chapala graben, which
had been considered a seismically inactive
tectonic depression. However, 1847 a 5.7
earthquake was recorded that caused heavy
damage in Ocotlan due to ground motion (Suter,
2018).
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Figure 2 Seismotectonic map of the Chapala graben
region showing the macroseismic intensity distribution for
the Chapala graben earthquake of October 2, 1847
Source: (Suter, 2018)

The position of the light on this shaded
relief map is in the west (Figure 2). Fault traces
and the amount of uplift of the footwall are based
on interpretation of the topographic relief. Floor
wall dips are from Gardufio-Monroy et al. (1993)
Taken from Suter 2018.

Figure 3 Ciudad Guzman, located in the Colima graben.
On October 22, 1749, there was an earthquake with a
magnitude of 5.8 that caused severe damage to the
communities of Amacueca, Sayula and Ciudad Guzman
Source: (Suter, 2019)
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Both Ciudad Guzman and Jocotepec are
located in the Transmexican Volcanic Belt
whose characteristic is the recentness of its
volcanism and seismic activity. This last
province, the FVM, in its western section near
the Guadalajara Metropolitan area, stops having
an E-W orientation and splits to partially have a
NW-SE orientation (from Tepic to Guadalajara)
associated with the Tepic Chapala graben and
another has an almost N-S direction (from
Colima to San Marcos), forming part of the
Colima graben.

Figure 4 On March 25, 1806, a strong earthquake
collapsed the towers and vaults of the main temple,
burying approximately 2,000 people (Government of
Jalisco (2022)

During the field work carried out, it was
observed that the localities identified with recent
and continuous affectations are the following:
Guadalajara Jocotepec Highway (Mex. 15),
between the beltway and the intersection with
the junction to Jocotepec, the constant settling of
the road causes continuous maintenance. Figure
5 shows the locations with damage).

Current damage

The damage in Ciudad Guzman today is evident,
Figures 5 and 6 is a dramatic example of this. To
the south of Ciudad Guzman there are "abras"
(Figure 6), a term coined in the locality to define
cracks or deformations of the soil that occur in
different parts of the city, following a
preferential direction of N45E.
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Figure 5 Damaged houses in Cd. Guzman
Source: (Photo from Maciel-Flores archive)

Figure 6 Abrasions formed in Cd. Guzmén
Source: (Photograph from the Maciel-Flores archive).

As in Ciudad Guzman, in Jocotepec there
are damaged houses that make them
uninhabitable, as well as roads with drops close
to one meter, such as those illustrated in Figure

Figure 7 Road and houses damaged by a settlement in
Jocotepec (Photograph from the Maciel-Flores archive).
Guadalajara - Colima Highway (Mex. 54), kilometer 6
approximately, there is a constant settlement near the
intersection with the railroad
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Discussion Use of water in Jalisco

Aquifer Monitoring

Basically, land subsidence can be related to
massive groundwater extraction or tectonic
activity. In recent years, in Jalisco, there has
been an increase in the cultivation of berries in
large greenhouses, as is the case in Jocotepec and
Ciudad Guzméan, which is predominantly used in
highly  developed greenhouses in the
municipalities of Jocotepec, Sayula, Ciudad
Guzman, and Tapalpa.

Some researchers, especially in this
southern region of Jalisco, have worked to
identify the environmental costs that have been
generated by the agricultural sector, in the
Sayula region for example, the agricultural
sector has generated some impacting actions
such as the increase in the depth of the water
table (Macias-Macias, 2008). The abundance of
water in the valley caused a change in land cover
and land use between 2000 and 2015 which
represents an increase in the extension of
protected agriculture or greenhouses in Sayula
(Ezzahra et al., 2015). In the regions of Cd.
Guzméan, Sayula and Jocotepec, the production
of grains and other commodities has been shifted
away from the production of grains and other
commaodities to promote the export of berries.

Macias-Macias and Sevilla (2020) cite
that berries "Consume a large amount of water,
the scarcest natural resource in our country.
Almost 70% of the available fresh water is used
in the agricultural sector, although this varies
from region to region.

If we analyze Tables 1 and 2, we can see
that water use in Jalisco is mainly in the
agricultural sector. Table 1, elaborated with data
from 2016, and Table 2, elaborated with data
from 2019, show the increase of groundwater
use in general in the state of Jalisco. This is the
reason why several countries have opted to grow
their products abroad, in order to conserve the
water resource and also in soil, declaring this
resource as strategic".
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By type of use and source (Hm?®/year), 2016

Use Underground | Superficial | Total
Agricultural 1,990 1,729 3,719
Public supply 365 699 1,064
Self-sufficient industry | 203 8 211

Total 2,558 2,436 4,994

Source, National Water Information System (SINA-
CONAGUA, 2016)

Table 1 Water use in Jalisco in 2016
Source: (SINA-CONAGUA, 2016)

Use of water in Jalisco
By type of use and source (Hm®/year), 2019
Use Underground | Superficial | Total
Agricultural 2,007 1,726 3,733
Public supply 371 699 1,070
Self-sufficient industry 211 9 221
Total 2,590 2,435 5,024

Table 2 Water use in Jalisco in 2019
Source: (CONAGUA. 2019. Subdireccion General de
Administracion del Agua)

Table 3 shows the pressure exerted on the
water resource in the municipality of Ciudad
Guzman.

Millions of cubic meters per year
Year | Average Extraction | Average annual | Deficit
annual availability
recharge
2007 266 130.92 135.08 0
2009 266.1 163.26 102.84 0
2015 266.1 287.05 0] -20.95
2018 266.1 293.02 0] -26.92

Table 3 Water statistics in the Ciudad Guzman Aquifer
Source: (Prepared based on data from Diario Oficial de
la Federacion, August 13, 2007; August 28, 2009; April
20, 2015; January 4, 2018. Macias- Macias and Sevilla
(2020)

In a first approximation we underline that
the increase in water demand associated with
berry crops and population increase requires a
higher water extraction that may cause soil
settlement.

In a preliminary study, the water table
depths of existing wells and wells in the
Zapotlan basin were taken. This information was
modeled in 3D, the result of which is shown in
Figure 4. The geometry of the water table is
apparently associated with geological structures
oriented N45E and which cause slopes in the
aquifer.
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indican la profundidad en
ala que se encuentra el
nivel freatico. el cual se
observa que migra hacia el
Sur, debido a la direccion
de la pendiente

* Las coordenadas X vy Y.
estan expresadas en
= unidades UTM

<

Figure 8 Modeling of the Zapotlan Lagoon aquifer
Seismic Monitoring

Jocotepec and Ciudad Guzmén are localities
whose geological history is associated with
extensional stresses (Rosas-Elguera, 1996) that
formed the Chapala and Colima gabbens. Recent
seismic activity has been documented in both
cases (Suter, 2018 and 2019).

Figure 9 Proposed location of seismic equipment and
accelerographs for Ciudad Guzméan Jal.

Figure 10. Proposed location of seismic equipment and
accelerographs for Jocotepec Jal.

In Figures 9 and 10 we present a first
approximation of two local
seismic/accelerographic  networks, one in
Jocotepec and the other in Ciudad Guzman. The
purpose in both cases is to determine the ground
accelerations, this information can be used to
regulate the construction criteria and avoid
severe damages that can be translated into
human lives.
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