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The scientific team visited Central Mexico and conducted a field macroseismic survey and a geological
reconnaissance after the generation of the September 19, M 7.1 Puebla-Morelos earthquake in order to assess the
earthquake impact on the natural environment and the building stock in the affected area of Mexico City and the
surrounding states of Puebla and Morelos.

All funding for this work was provided by the Environmental, Disaster and Crisis Management Strategies Masters
Degree Program of the Department of Geology and Geoenvironment of the National and Kapodistrian University of
Athens.



Physiographic regions of Mexico

GEO-MEXICO



Urban hierarchy level of Mexico
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Seismotectonics of Mexico



Paleogeographic restoration of the plate tectonic evolution of the Cocos and Nazca plates

The formation of the Cocos Plate resulted from the breakup of the Farallon Plate at approximately 23 Ma (caused by
the East Pacific Rise) creating the Cocos Plate and the larger Nazca Plate to the south of the spreading center. At 23
Ma: breakup of Farallon plate into Cocos and Nazca plates and formation of CNS-1; 19.5 Ma: formation of CNS-2; and
14.7 Ma: formation of the still-active CNS-3 (from Meschede and Barckhausen 2000).

CNS-3



The subducted Cocos Plate beneath the Central Mexico subduction zone

Seismic probe of the subducted Cocos Plate beneath the Central Mexico subduction zone. Tectonic framework with slab
isodepth contours (solid black lines), plate motion direction (solid arrow) and slab surface temperature (red dashed lines).
Differential times among the first P wave, converted SP waves from the USL and converted SP waves from the HVL
recorded at station UNM are shown by coloured symbols. Spreading rates and plate ages estimated from magnetic
anomaly lineations are shown in the main diagram and upper inset, respectively. Triangles mark the stations of the MASE.
The lower-left inset illustrates the ray geometry. RA, Rivera Plate; NA, North America Plate; CO, Cocos Plate; PA, Pacific
Plate; TMVB, Trans-Mexican Volcanic Belt; EPR, East-Pacific Rise (from Alex Song and Kim (2011), Nature Geoscience, DOI:
10.1038/NGEO1342).



2-D view of the slab under the Meso-American Subduction Experiment (MASE) array based on P-wave tomography
(from Stubailo et al., 2012, JGR, 117, B05303, doi:10.1029/2011JB008631)

The subducted Cocos Plate beneath the Central Mexico subduction zone



Interpretations of the subduction structure in Mexico

(a) Two potential interpretations of the subduction
structure in Mexico. (top) The flat (slab A) and
steep (slab B) portions of the slab separated by a
tear. The slab retreat/rollback proposed for the
area (Mori et al., 2007) should displace the mantle
asthenosphere, causing a toroidal flow through the
tear and around the steep part of the slab (the blue
arrow between slabs A and B). The flow would
explain the rotation of the fast direction in the
anisotropy inversion. The tear between the two
parts of the slab coincides with the projected path
of OFZ that separates the Cocos plate into areas of
different ages. In addition, a mantle flow through
the tear between the steep slab (slab B) and the
Rivera slab (slab C) was observed in Yang et al.
(2009) based on P-wave tomography results. The
converging flows from both sides of the steep slab
B along with a wedge flow (green arrows), that has
fast directions perpendicular to the trench in the
back arc, explain the sharp change in the
anisotropy direction line in front of the slab B.

(b) Transition from the flat to steep subduction is continuous. In this scenario, the fast anisotropy direction
perpendicular to the trench would be caused by the wedge flow which may be further enhanced by the slab
retreat/rollback (from Stubailo et al., 2012, JGR, 117, B05303, doi:10.1029/2011JB008631)

(a)

(b)

Orozco Fracture Zone 



Subduction of Cocos and Rivera plates beneath Mexico and Central America

Formation and development of the Rivera-Cocos slab tear and gap. The inset located on the lower left map depicts
the position of the three dimensional drawings, and the blue eye marks the viewpoint of the observer (from Manea
et al., 2013; Tectonophysics 609, 56-81).



Subduction of Cocos and Rivera plates beneath Mexico and Central America

Development of the Tepic-Zacoalco (TZ), Colima, and Chapala rifts. The TZ rift is formed by the Rivera slab rollback,
enhanced by the toroidal flow around the slab edges. The Colima rift is probably related with the oblique
convergence between Rivera and NAM plates at ~5 Ma (from Manea et al., 2013; Tectonophysics 609, 56-81).



Subduction of Cocos and Rivera plates beneath Mexico and Central America

Evolutionary model for the subducting system beneath Central Mexico (approximately between 100°W and 97°W).
The slab flattening process is proposed to have initiated by the combination of rapid increase in Pacific-Cocos
spreading rates at 17 Ma, a very young subducting plate (8-9 Ma) and the MAT rollback (from Manea et al., 2013;
Tectonophysics 609, 56-81).



Subduction of Cocos and Rivera plates beneath Mexico and Central America

Northwest directed view showing the effect of slab flattening and subsequent rollback in controlling the migration of
volcanism and the lateral development of volcanic gaps. Volcanic gaps would be generated by the mantle squeeze
during slab flattening and the creation of cold wedges at the sides of the flat slab (from Manea et al., 2013;
Tectonophysics 609, 56-81).



Subduction of Cocos and Rivera plates beneath Mexico and Central America

Southwest directed view of the subduction of the Tehuantepec fracture zone and formation of El Chichón volcano by
deep dehydration due to the presence of a cold and serpentinized mantle wedge at shallower depths (from Manea et
al., 2013; Tectonophysics 609, 56-81).



Subduction of Cocos and Rivera plates beneath Mexico and Central America

Southwest directed view of the tectonic evolution of the Cocos and Nazca subduction and the development of the
Central America slab window beneath the CAVA (from Manea et al., 2013; Tectonophysics 609, 56-81).



(A) Seismicity associated with the Middle America subduction zone. Note the low level of intra slab seismicity
associated with the flat slab segment beneath Central Mexico. (B) Schematic view of the geometry and thermal
structure of the Central Mexico subduction zone based on Manea and Manea (2011). The scarce seismicity observed
in the Mexican flat slab segment might be the combination between reduction of the elastic core after bending and
the loss of rigidity (hot slab) of the Cocos slab at greater depths (from Manea et al., 2017; Tectonophysics, 609, 56-
81).

Seismicity associated with the Middle America subduction zone &
low level of intra slab seismicity associated with the flat slab segment beneath Central Mexico



Evolution of the tectonic plates along the Middle American Trench west of Mexico

Final configuration for the Middle American subduction zone from dynamic modeling. This was obtained through the
coupling of (right) temperature transport and (left) viscous flow using the methods of Manea and Gurnis (2007). The
subduction of the oceanic crust is tracked through the advection of particles (purple chain). The initial model involves
steep subduction. The viscosity of the region above the oceanic crust between 50 and 300 km from the trench is
reduced by half compared to normal asthenospheric layers. The velocities of the Cocos and North America plates are
imposed as kinematic boundary conditions (from Manea et al., 2017; Tectonophysics, 609, 56-81).



Tectonostratigraphic terranes of Mexico

The geological framework of Mexico is formed by a mosaic of tectono-stratigraphic terranes that were assembled
during the Paleozoic and Mesozoic as the result of the complex interaction between Laurentia, Gondwana, and the
paleo-Pacific plate (from Centeno-García, 2017, modified from Centeno-García, 2005).



Map of seismic activity in Mexico during 2016
https://twitter.com/SismologicoMX/media



Significant earthquakes along the Middle American Trench and related seismic gaps 

http://usuarios.geofisica.unam.mx/vladimir/sismos/100a%F1os.html

http://usuarios.geofisica.unam.mx/vladimir/sismos/100a%F1os.html


Earthquakes Statistics in Mexico from 1870 to 2016



Regional instrumental seismicity of Mexico



Regional instrumental seismicity of Mexico



Seismic zones of Mexico
proposed by the Manual of Civil Structures (MOC-93, 1993) 

Seismic zones of Latin America



Seismic zones of Mexico

Courtesy of Servicio Sismológico Nacional



Mountain ranges surrounding Mexico basin

The Mexico basin is a closed, ellipsoidal basin, having a major axis measuring about 100 km from the Sierra de
Pachuca to the North, to the Sierra de Chichinautzin to the south. The minor axis has a length of 80 km measured
from the Sierra de Las Cruces to the West, to the snow covered peaks of Iztaccihuatl on the East. The mountain
ranges that bound the Mexico basin are of volcanic origin, have chemical composition from intermediate to basic and
have ages that vary from Middle Oligocene to recent. from Cadoux et al. (2011), Geol. Mag. 148 (3), 492-506

N



Geology of Mexico basin 

Flores-Estrella et al. (2007), Nat Hazards, 40: 357-372

The central part of the area consists of lacustrine soft clay
deposits (Ql), which are surrounded by alluvial deposits (Qal)
that also extend below the lacustrine deposits.

The Sierra de Las Cruces range is constituted by a line of large
volcanoes oriented from NW to SE. The final activity of these
volcanoes was of explosive type leading to the formation of
extensive volcanic fans constituted by pyroclastic materials
associated with that activity.

The Sierra de Guadalupe range is formed mainly of andesitic
and dacitic strato-volcanoes topped by acid domes that were
formed in their final activity.

The Sierra de Santa Catarina range is formed by a line of
volcanoes oriented in the E-W direction. Those are very young
volcanoes, so that their eruptive products are lavas (Qv) that
are interbedded with alluvial (Qal) and lacustrine (Ql) deposits.

The Sierra Chichinautzin is an extensive volcanic field of the
quaternary formed of many individual bodies, whose volcanic
products, mainly lavas (Qv), form a huge mass of rock that
separates the Mexico basin from the Cuernavaca valley.

Juárez-Camarena et al. (2016) 
Ingeniería Investigación y Tecnología, 17 (3): 297-308



Volcán Iztaccíhuatl

Sierra de Las Cruces 

Sierra Chichinautzin

Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Photos credit to Lekkas, Mavroulis, Carydis



Sierra de Las Cruces 

Sierra Chichinautzin

Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Photos credit to Lekkas, Mavroulis, Carydis



Sierra de Las Cruces 

Mexico Basin

Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Photos credit to Lekkas, Mavroulis, Carydis



Mexico Basin

Sierra de Las Cruces 

La Caldera
Volcán de Guadalupe

Cerro del Elefante

Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Photos credit to Lekkas, Mavroulis, Carydis



Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Mexico Basin

La Caldera

Sierra de Las Cruces 
Volcán de Guadalupe

Cerro del Elefante
Sierra de Santa Catarina

Photos credit to Lekkas, Mavroulis, Carydis



Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Mexico Basin

La Caldera
Volcán de Guadalupe Sierra de Santa Catarina

Photos credit to Lekkas, Mavroulis, Carydis



Mexico basin and surrounding mountain ranges
Panoramic drone view from the Mexican Federal Highway 150D (Mexico – Puebla)

Mexico Basin

Sierra Nevada

Photos credit to Lekkas, Mavroulis, Carydis



Schematic stratigraphy of the southern portion of the Mexico basin

Schematic stratigraphy of the southern portion of the Basin of Mexico. Numbers in the figure refer to the following
units: (1) lacustrine clay deposits, (1a) Capa Duras (represented as a dashed line). (2) alluvial fill, (3) Pleistocene and
more recent basalt including Sierra Chichinautzin, (4) Tarango formation, (4a) high mountain range, (5) volcanic hills
and deposits, (6) stratified volcanic deposits, (7) Pliocene mountain range, (8) Pliocene lower lacustrine deposits, (9)
Miocene volcanic deposits, (10) and (10a) Oligocene volcanic deposits, (11a) and (11b) Cretaceous limestone
platform. The upper portion of the main aquifer is composed of units (2), (3), and (4). The lower portion of the main
aquifer is composed of unit (6). Units (9), (10), and (11) are considered lower aquifers distinct from the main aquifer
in exploitation, and are not as well characterized (from Mooser, 1990).



Schematic geological cross section through the Mexico basin

 Schematic geologic section through
Mexico basin. 1: Oligocene-Miocene, 2:
Miocene-Pliocene, 3: Texcoco
conglomerate, 4: Cretacic limestone, 5:
Latites, dacites, andesites and basaltic
andesites, 6: Tufas, lavas and pyroclastic
flows, mainly of andesitic composition, 7:
Tufas, 8: Lacustine sediments and
evaporates, 9: Andesites and dacites from
the Iztaccihuatl volcano, 10: Cretacic
limestones, 11: Schists of the Acatlan
group (from Sanchez, 1989)

from Marsal (1975)



The Mexico basin and its principal fault systems

The Mexico basin and its
fault systems. Several 
systems exist under the 
Mexico valley. The principal 
systems are: (A) faults 
essentially running NE, (B) 
faults with NW-SE 
orientation, (C) faults with 
roughly E-W direction.

from Rosenblueth et al., 1989; 
Earthquake Spectra, 5(1): 273-
291

The Mixhuca Fault was first interpreted by boreholes and then by gravity data.
However, it has not yet been confirmed from surface geology. If it exists it could
contribute significantly to the amplification and duration of ground motion and the
basin seismic response (from Flores-Estrella et al., 2007, Nat Hazards, 40: 357-372).



Zonification of Mexico basin

Hill 
Zone

Transition 
zone

Lake 
Zone Stations

Mexico basin is divided into three main zones: (Zone I) the Hill Zone, where tuffs dominated; (Zone II) the Transition
Zone, formed by alluvial fans at the base of the hills; and (Zone III) the Lake Zone, corresponding to the soft lake beds.

Flores-Estrella et al. (2007), Nat Hazards, 40: 357-372Marsal and Mazari (1959), UNAM, Mexico



Topographic setting of Mexico City (MC) and the Mexico basin

 Color scale corresponds to the basin
thickness (i.e., the basin contact with the
Oligocene volcanics of the Transmexican
Volcanic Belt, TMVB). Blue-framed area: hard-
rock zone limit, Red-framed area: lake-bed
zone limit, Black poibts: broadband stations,
dotted lines: main streets (from Cruz-Atienza
et al. 2016, Scientific Reports 6, 38807; doi:
10.1038/srep38807)

 The geometry of the Mexico basin and the
actual topography of the terrain (from Cruz-
Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Approximate crustal thickness in the vicinity of Mexico City

The approximate crustal thickness in the vicinity of Mexico City. The Trans-Mexican Volcanic Belt (TMVB) is rendered
in beige, some of the volcanic features have been marked in blue, Nevado de Toluca and Popcatépetl with fat crosses
and the Chichinautzin volcanic field circled. Instead of occurring at or near the edges, volcanism seems to have
burned through the craton where it is at its thickest (from Ferrari et al. (2012).



Depth of the subducted slab beneath Central Mexico 

from Ferrari et al. (2012)



Lake Texcoco and settlements in the 
Prehispanic Mexico basin (Clayton, 2015)

Tenochtitlan and its causeways 



Tenochtitlan, the Capital of the Aztec Empire

Unknown creator, the foundation of 
Tenochtitlan, Codex Mendoza, 1542. 

© Bodleian Libraries, University of Oxford

Unknown creator, map of Tenochtitlan (at right) and schema of the Gulf Coast
(at left), from Hernando Cortés’s Second Letter, Praeclara Fernandi Cortesii de
Noua Maris Oceani Hyspania Narratio . . . (Nuremberg, 1524). Courtesy of the
Newberry Library, Chicago, Ayer 655.51.C8 1524d.



Evolution of the lake of Mexico valley

from Ovando-Shelley et al. (1988), Earthquake Spectra, 4 (4), 753-770



Spatial growth of Mexico City 
Metropolitan Area

Sites in Mexico Valley with high incidence of 
ground cracks

GEO-MEXICO



Urbanized areas for different development periods for Mexico City Metropolitan Area 

from Chelleri et al. (2015), Habitat International, 48, 122-130



Contours of equal subsidence 
from 1891 to 1952 for the older part of Mexico city

Subsidence in Mexico City from 1891 to 1973

Contours of equal subsidence 
from 1952 to 1973 for the older part of Mexico city

from Figueroa Vega
(1977, 1984)



Subsidence in Mexico City in 1996, 2000 and 2003

Annual interferometric synthetic aperture radar (InSAR)–derived subsidence maps of Mexico City for 1996, 2000,
and 2003 (from Cabral-Cano et al., 2008, GSA Bulletin, 120 (11/12), 1556-1566).



Subsidence in Mexico City in 2013 and 2014

(A) This image, showing surface deformation in Mexico City, was generated using a ‘stack’ of 11 images acquired between 4 April and
30 November 2013. The images are from Radarsat-2, which was programmed to work in an experimental imaging mode called Terrain
Observation by Progressive Scans in azimuth (TOPS) to mimic Sentinel-1A’s interferometric wide-swath mode. Images such as this are
helping users prepare for Sentinel-1A.

(B) Five Sentinel-1A radar scans acquired between 3 October and 2 December 2014 were combined to create this image of ground
deformation in Mexico City. The deformation is caused by ground water extraction, with some areas of the city subsiding at up to 2.5
cm/month (red). These preliminary results were presented at the InSARap Workshop at ESA’s ESRIN centre for Earth observation in
December 2014. InSARap is a project under ESA’s Scientific Exploitation of Operational Missions (SEOM) programme.

A B



Subsidence in Mexico City from October 2014 to May 2015

(a) (b)



Subsidence in Mexico City and differential settlements

Hundreds of buildings 
of various uses in 

Mexico City lean or sink 
into the ground due to 

differential settlements.



Earthquakes having different origins affect Mexico City.
There exist four types based on Rosenblueth et al.
(1989, Earthquake Spectra, 5(1): 273-291):
(1) local earthquakes;
(2) Continental plate earthquakes;
(3) Intermediate depth earthquakes and
(4) Subduction earthquakes.

It has been observed that the normal-faulting and
subduction earthquakes are the most dangerous
events for Mexico City.

Earthquake groups and their possible occurence
regions (from Rosenblueth et al., 1989).

Types of earthquakes affecting Mexico City



On September 7 2017, at 23:49 CDT (local time; 04:49 on
the 8th UTC) a great earthquake struck Mexico. Its
magnitude was measured M 8.2 (UNAM) or 8.1 (USGS)
and its epicenter was determined offshore Chiapas and
more specifically in the Gulf of Tehuantepec, almost 750
km away from the Mexico City. It has been largely felt in
Guatemala City and in Mexico City located more than 350
and 1000 km away from the epicenter respectively.

Based on the focal mechanisms provided by several
seismological organizations and observatories, the
earthquake was generated by the activation of a NW-SE
striking normal fault. At the epicentral area, the oceanic
floor of Cocos plate converges with the continental edge
of the North America plate at a rate of about 76 mm/yr in
a northeast direction. The Middle American Trench,
located in a distance of about 100 km southwest from this
earthquake epicenter, is a major subduction zone
extending from Central Mexico to Costa Rica with a length
of 2750 km and a maximum depth of 6670 m. It
constitutes the boundary between the Rivera, Cocos, and
Nazca plates on one side and the North America plate on
the other.

Based on the epicenter location, the focal depth and the

focal mechanism of the M 8.2 September 7, 2017
earthquake, it is concluded that this earthquake can be
characterized as an intraplate seismic event within the
subducting Cocos slab. The rupture surface is
approximately 80 km along strike and 60 km along
downdip direction, while the seismic moment release
based upon this plane is 2.5e+28 dyne.cm (USGS).

This earthquake caused 98 fatalities, 80% of which
occurred in Oaxaca and 800000 in need of humanitarian
aid in Oaxaca and Chiapas. In Guatemala, 44000 people
were affected and 5835 people were displaced based on
the reports of the United Nations Office for the
Coordination of Humanitarian Affairs (UNOCHA).

Considerable damage were induced to the building stock
and infrastructures of the adjacent coastal area (Oaxaca,
Chiapas), while some buildings in Mexico City were
trembled forcing residents to evacuate. As regards the
earthquake environmental effects, it caused the
generation of tsunami waves of 1.75 m above tide level
resulting in issue of tsunami alerts for the surrounding
coastal areas.

The September 2017 M 8.2 Chiapas and M 7.1 Puebla-Morelos earthquakes in Mexico



Twelve days after the generation of the M 8.2 Chiapas
earthquake, another major earthquake struck Mexico. On
September 19, 2017, at 13:14 CDT (local time; 18:14 UTC)
an M 7.1 earthquake struck Central Mexico. Its epicenter
was determined onshore, about 55 km south of Puebla
City and 130 km south of Mexico City. Unfortunately, the
earthquake claimed the life of 369 people in Central
Mexico due to building collapse attributed to violent and
prolonged shaking, while 6011 were injured due to falling
debris. Heavy structural damage was induced in the
Greater Mexico City area and in the Mexican states of
Puebla and Morelos. As regards Mexico City, more than 40
buildings suffered heavy structural damage including total
or near total collapse resulting in 228 fatalities.

Based on the focal mechanisms provided by several
seismological organizations and observatories, the
earthquake was resulted by normal faulting at a depth of
50 km. It is also considered as an intraplate seismic event
within the subducting Cocos slab.

As far as the induced environmental effects is concerned,
the earthquake triggered an eruption of the Popocatépetl
volcano. The volcano burst into life sending a large plume
of smoke into the sky. Based on local authorities, a church

collapsed resulting in 15 fatalities in Atzitzihuacán on the
slopes of the volcano. Earthquake-induced landslides
were also generated in El Jale, Ixtapaluca, Mexico City.
Moreover, anomalous river waves were observed in a
canal of Xochimilco River close to Mexico City, which was
turned into a frothing torrent as the September 19, 2017
M 7.1 earthquake hit.

The M 7.1 earthquake coincidentally occurred on the 32nd

anniversary of the 1985 Mexico City earthquake that
claimed the life of thousands of people and occurred as a
result of thrust faulting on the plate interface between
Cocos and North America plates located at a distance of
450 km to the west of the September 19 2017 earthquake
epicenter. The 1985 Mexico earthquake disaster led to
changes in building codes and enhanced emergency
preparation measures, including the annual nationwide
drills. This seismic event was commemorated and a
nationwide earthquake drill was held with more than 7
million people participating, at 11 a.m. local time, just two
hours before the 2017 earthquake. Millions of employees
from various official entities and private companies,
students from colleges and universities participated to
this drill and more than 17000 buildings were evacuated.

The September 2017 M 8.2 Chiapas and M 7.1 Puebla-Morelos earthquakes in Mexico



Epicenters of the 1985 and 2017 Mexico earthquakes 



Location of the two major earthquakes of September 2017 in Mexico

This figure, which has been modified from Franco et al., 2005 shows the location of the two large recent earthquake in
Mexico. Additionally, it shows the rupture areas of other large historic earthquakes in the country. Lastly, this figure highlights
how both of the large earthquakes in the last two weeks were likely intraplate events within the subducting Cocos Plate.



Location of the hypocenter and the quick solution of 
the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Location of the hypocenter and the quick solution of 
the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Long Duration of Ground Motion in the Valley of Mexico

By means of high performance computational modeling Cruz-Atienza et al. (2016) showed that, despite the highly
dissipative basin deposits, seismic energy can propagate long distances in the deep structure of the valley, promoting
also a large elongation of motion. Their simulations revealed that the seismic response of the basin is dominated by
surface-waves overtones, and that this mechanism increases the duration of ground motion by more than 170% and
290% of the incoming wavefield duration at 0.5 and 0.3Hz, respectively, which are two frequencies with the largest
observed amplification. This conclusion contradicts what has been previously stated from observational and modeling
investigations, where the basin itself has been discarded as a preponderant factor promoting long and devastating
shaking in Mexico City. from Cruz-Atienza et al. 2016, Scientific Reports 6, 38807; doi: 10.1038/srep38807

Built-up on top of ancient lake deposits, Mexico
City experiences some of the largest seismic site
effects worldwide. Besides the extreme
amplification of seismic waves, duration of intense
ground motion from large subduction earthquakes
exceeds three minutes in the lake-bed zone of the
basin, where hundreds of buildings collapsed or
were seriously damaged during the M 8.0
Michoacán earthquake in 1985, the M 8.2 Chiapas
and the M 7.1 Puebla-Morelos earthquakes during
September 2017. Different mechanisms
contribute to the long lasting motions, such as the
regional dispersion and multiple-scattering of the
incoming wavefield from the coast, more than 300
km away from the city.



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Darker red areas indicate the strongest ground movement
(based on Cruz-Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Darker red areas indicate the strongest ground movement
(based on Cruz-Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Darker red areas indicate the strongest ground movement
(based on Cruz-Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Darker red areas indicate the strongest ground movement
(based on Cruz-Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Darker red areas indicate the strongest ground movement
(based on Cruz-Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Darker red areas indicate the strongest ground movement
(based on Cruz-Atienza et al. 2016, Scientific Reports 6,
38807; doi: 10.1038/srep38807)



Shock waves of a hypothetical earthquake generated near Mexico City 
and amplification in the area of the ancient lake bed

Topographic scattering, generation and propagation of wave trains at different speeds within the basin, and their
multiple diffractions (from Cruz-Atienza et al. 2016, Scientific Reports 6, 38807; doi: 10.1038/srep38807)



Spectral accelerations recorded during the September 19, 2017 M 7.1 Puebla-Morelos earthquake 
in comparison to the respective accelerations of the September 19, 1985 M 8.1 Michoacán earthquake



Seismic records from broadband stations
for the September 7, 2017 M 8.2 Chiapas earthquake 



Seismic records from broadband stations
for the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Intensity map based on the recorded PGA (cm/s2)
and maximum accelerations recorded in the valley of Mexico 

during the September 7, 2017 M 8.2 Chiapas earthquake



Intensity map based on the recorded PGA (cm/s2)
and maximum accelerations recorded in the valley of Mexico 

during the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Estimated accelerations for the September 19, 2017 M 7.1 Puebla-Morelos earthquake
http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx

http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx


Estimated accelerations for the September 19, 2017 M 7.1 Puebla-Morelos earthquake
http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx

http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx


Estimated accelerations for the September 7, 2017 M 8.2 Chiapas earthquake 
http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx

http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx


Estimated accelerations for the September 7, 2017 M 8.2 Chiapas earthquake 
http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx

http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx


Estimated accelerations for the September 19, 1985 M 8.1 Michoacán earthquake 
http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx

http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx


Estimated accelerations for the September 19, 1985 M 8.1 Michoacán earthquake 
http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx

http://aplicaciones.iingen.unam.mx/webSAPS/Default.aspx


Sentinel-1 Interferogram for September 19, 2017 M 7.1 Puebla-Morelos Earthquak

https://disasters.nasa.gov/mexico-city-earthquake-2017/sentinel-1-interferogram-september-2017-raboso-puebla-
earthquake-mexico

https://disasters.nasa.gov/mexico-city-earthquake-2017/sentinel-1-interferogram-september-2017-raboso-puebla-earthquake-mexico


NASA’s ARIA Damage Proxy Map of the September 19, 2017 M 7.1 Puebla-Morelos earthquake

NASA’s ARIA Damage Proxy Map of 
the September 19, 2017 Mw 7.1 
Puebla-Morelos earthquake
was created from the Copernicus 
Sentinel-1 satellite SAR data

https://disasters.nasa.gov/mexico-
city-earthquake-2017/aria-damage-
proxy-map-m71-raboso-mexico-
earthquake

https://disasters.nasa.gov/mexico-city-earthquake-2017/aria-damage-proxy-map-m71-raboso-mexico-earthquake


NASA’s ARIA Damage Proxy Map of the 
September 7, 2017 M 8.2 Chiapas earthquake

Sentinel-1 Radar shows ground motion from 
September 7, 2017 M 8.2 Chiapas earthquake

https://www.jpl.nasa.gov/spaceimages/details.ph
p?id=PIA21962

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA2
1956

https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA21962
https://www.jpl.nasa.gov/spaceimages/details.php?id=PIA21956


Quick solutions and regional moment tensors
for both September 2017 earthquakes

CPPT



Quick solutions and regional moment tensors
for both September 2017 earthquakes



Surface projection and cross section of slip distribution and source time function of the 
September 7, 2017 M 8.2 Chiapas earthquake



Surface projection and cross section of slip distribution and source time function of the 
September 19, 2017 M 7.1 Puebla-Morelos earthquake



Map of macroseismic intensity for the 
M 8.2 Chiapas earthquake

Map of macroseismic intensity for the 
M 7.1 Puebla-Morelos earthquake 



Map of peak ground acceleration (%g)  and map of peak ground velocity (cm/s)
of the September 7, 2017 M 8.2 Chiapas earthquake



Map of peak ground acceleration (%g)  and map of peak ground velocity (cm/s)
of the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Map of 0.3, 10, 30 sec 5% damped pseudo-spectral acceleration (%g)
of the September 7, 2017 M 8.2 Chiapas earthquake



Map of 0.3, 10, 30 sec 5% damped pseudo-spectral acceleration (%g)
of the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Estimated fatalities and population exposure for both earthquakes



Epicenter location of the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Focal mechanism, network of accelerometric stations, peak ground accelerations and intensities
of the September 19, 2017 M 7.1 Puebla-Morelos earthquake

Focal mechanisms and accelerometric stations 
operating by UNAM

Intensity map based on the recorded 
PGA values



Peak ground accelerations and intensities in the city of Mexico
of the September 19, 2017 M 7.1 Puebla-Morelos earthquake

Zonification of the city 
(after Marsal and Mazari, 1959)

Intensity map based on the recorded 
PGA values in the Mexico city

Hilly area Transition Lake area Stations



Recorded accelerograms and response spectra estimated for the records obtained during the earthquake of September 19,
2017 (Mw 7.1). The longitudinal or north-south (N), transverse or east-west (E) and vertical (V) components correspond to
the solid lines in red, green and blue, respectively.

Recorded accelerograms and response spectra
for the September 19, 2017 M 7.1 earthquake (1/2)



Recorded accelerograms and response spectra
for the September 19, 2017 M 7.1 earthquake (2/2)

Recorded accelerograms and response spectra estimated for the records obtained during the earthquake of September 19,
2017 (Mw 7.1). The longitudinal or north-south (N), transverse or east-west (E) and vertical (V) components correspond to
the solid lines in red, green and blue, respectively.



Slip distribution and stress transfer of the M 8.2 Chiapas earthquake
[from Stein http://temblor.net/earthquake-insights/chiapas-and-puebla-mexico-earthquakes-chain-reaction-or-

coincidence-5248/]  

http://temblor.net/earthquake-insights/chiapas-and-puebla-mexico-earthquakes-chain-reaction-or-coincidence-5248/


Are the M 8.2 Chiapas earthquake and the M 7.1 Puebla-Morelos earthquakes related?
[from Stein http://temblor.net/earthquake-insights/chiapas-and-puebla-mexico-earthquakes-chain-reaction-or-

coincidence-5248/] 



Are the M 8.2 Chiapas earthquake and the M 7.1 Puebla-Morelos earthquakes related?
[from Stein et al. (2017) http://temblor.net/earthquake-insights/are-mexicos-two-major-earthquakes-related-and-

what-could-happen-next-5149/]

Coulomb stress transfer imparted by the M 8.2 Chiapas earthquake . Warmer colors indicate where there are positive
stress increases meaning the areas are more hazardous, while cooler colors represent stress drops.

http://temblor.net/earthquake-insights/are-mexicos-two-major-earthquakes-related-and-what-could-happen-next-5149/


Are the M 8.2 Chiapas earthquake and the M 7.1 Puebla-Morelos earthquakes related?
[from Stein et al. (2017) http://temblor.net/earthquake-insights/are-mexicos-two-major-earthquakes-related-and-

what-could-happen-next-5149/]

Location of earthquakes in southern and central Mexico starting on September 7 (the day of the M 8.2 Chiapas
earthquake). It is significant to note is that above the level of detection (M=3), there have been no aftershocks from
Mw 7.1 Puebla-Morelos earthquake.

http://temblor.net/earthquake-insights/are-mexicos-two-major-earthquakes-related-and-what-could-happen-next-5149/


Are the M 8.2 Chiapas earthquake and the M 6.1 Oaxaca earthquakes related?
[from Jacobson et al. (2017) http://temblor.net/earthquake-insights/m6-1-mexican-aftershock-strongly-promoted-by-

m8-1-chiapas-mainshock-5317/] 

http://temblor.net/earthquake-insights/m6-1-mexican-aftershock-strongly-promoted-by-m8-1-chiapas-mainshock-5317/


Are the M 8.2 Chiapas earthquake and the M 6.1 Oaxaca earthquakes related?
[from Jacobson et al. (2017) http://temblor.net/earthquake-insights/m6-1-mexican-aftershock-strongly-promoted-by-

m8-1-chiapas-mainshock-5317/] 

This coulomb analysis shows that the location of the M 6.1 Oaxaca aftershock saw a stress increase of roughly 0.5
bars as a result of the M 8.2 Chiapas earthquake. Stress increases of > 0.1 bars are generally found to promote
aftershocks, meaning the location of the M=6.1 is five times above this threshold. This means that the earthquake
over the weekend was strongly promoted by the M 8.2 Chiapas mainshock.

http://temblor.net/earthquake-insights/m6-1-mexican-aftershock-strongly-promoted-by-m8-1-chiapas-mainshock-5317/


Earthquake environmental effects
Volcanic eruption, landslides and anomalous river waves during and after the M 7.1 earthquake

 The Popocatépetl volcano burst into life at the same time the
earthquake battered cities in Mexico – sending a large plume of smoke
into the sky. A church collapsed resulting in 15 fatalities in Atzitzihuacan
on the slopes of the volcano based on local authorities.

 Earthquake-induced 
landslides in El Jale, 
Ixtapaluca, Mexico City.

 A canal of Xochimilco
close to Mexico City was 
turned into a frothing 
torrent as the September 
19, 2017 M 7.1 earthquake 
hit.

Before the 
M 7.1 earthquake

After the 
M 7.1 earthquake



Shake intensity of the September 19, 2017 M 7.1 earthquake



Few days after the earthquake, members from the
Faculty of Dynamic Tectonic Applied Geology of the
Department of Geology and Geoenvironment of the
National and Kapodistrian University of Athens visited
Central Mexico in order to conduct a geological
reconnaiscance and a field macroseismic survey in the
affected area of Mexico.

Based on field observations, it is concluded that the
dominant types of buildings in the affected area of
Central Mexico are: (a) reinforced concrete (R/C)
buildings with R/C frame and infill-partition walls, (b)
masonry structures with masonry load-bearing walls, (c)
adobe structures and (d) mixed types of buildings.

The R/C buildings constitute the majority of
structures in the affected area of Mexico City and are
classified into (a) 1-6 storey buildings with R/C frame
members with non-ductile detailing and unreinforced
masonry plain infill of bricks, clay tiles or concrete
blocks with bricks being most common, (b) 7-12 storey
buildings with R/C frame members with non-ductile
detailing, reinforced single diagonal strut and
unreinforced masonry infill of bricks, clay tiles or
concrete blocks with bricks being most common, (c) 7-
12 storey buildings with R/C frame members with non-

ductile detailing, supplementary reinforced elements
(post and beam) and unreinforced masonry infill of
bricks, clay tiles or concrete blocks with bricks being
most common and (d) 7-16 storey buildings with R/C
frame members with non-ductile detailing, reinforced
concrete diagonal bracing and unreinforced masonry
infill of bricks, clay tiles or concrete blocks with bricks
being most common.

It is significant to note that many structures in
Mexico City have been retrofitted and reinforced mainly
after the 1985 Mexico earthquake with external steel
systems (external “X” bracing). These systems offer
advantages such as the ability to accommodate
openings and the minimal added weight of the
structure. Furthermore, the minimum disruption to the
full operationality of the building is obtained. Two types
of bracing systems were observed: (a) the concentric
bracing system and (b) eccentric bracing system.

The masonry buildings are composed of masonry
load-bearing walls that consist of bricks, clay tiles or
concrete blocks. They constitute the majority of
buildings in the earthquake affected states of Puebla
and Morelos.

Dominant building types in Mexico City and the surrounding areas affected by the 2017 September earthquakes



Dominant building types – Reinforced-concrete buildings in Central Mexico

Photos credit to Lekkas, Mavroulis, Carydis



Dominant building types – High-rise reinforced concrete buildings in Mexico City

Photos credit to Lekkas, Mavroulis, Carydis



Dominant building types – High-rise reinforced concrete buildings in Mexico City

Photos credit to Lekkas, Mavroulis, Carydis



Dominant building types – High-rise reinforced concrete buildings in Mexico City

Photos credit to Lekkas, Mavroulis, Carydis



Reinforcement of buildings in the city of Mexico
after the September 19, 1985 M 8.1 Michoacán earthquake (1/3) 

Photos credit to Lekkas, Mavroulis, Carydis



Reinforcement of buildings in the city of Mexico
after the September 19, 1985 M 8.1 Michoacán earthquake (2/3)  

Photos credit to Lekkas, Mavroulis, Carydis



Reinforcement of buildings in the city of Mexico
after the September 19, 1985 M 8.1 Michoacán earthquake (3/3)  

Photos credit to Lekkas, Mavroulis, Carydis



Typical methods for reinforcing masonry infill: 
diagonal cross-bracing frequently used in low-and medium-rise constructions

from Suzuki and Kiremidjian (1986)

Photos credit to Lekkas, Mavroulis, Carydis



Dominant building types – Mixed construction types of buildings and related damage

Photos credit to Lekkas, Mavroulis, Carydis



Adobe (sun-dried brick) is the oldest and most
common building material known to man. It is a mixture
of sand, sometimes gravel, clay, water, and often straw
or grass mixed together by hand, formed in wooden
molds, and dried by the sun. The straw adds strength
and prevents cracking.

Rammed earth (pise) is damp or moist earth, with
or without an additive. It is rammed (tamped) in place
between temporary moveable formworks. The best soils
for rammed earth contain about 30% clay and 70%
sand. The use of horizontal courses of adobe bricks
prevents total detachment of rammed walls due to
vertical cracks.

Foundations play an important role in the structural
behavior of adobe buildings during earthquakes.
Buildings with larger and stronger foundations are less
vulnerable to earthquakes. Foundations are usually
made of stone rubble with mud or lime mortar. To
prevent water erosion, the first few courses of a wall
above the foundations (plinth) are constructed using
stone rubble or fired brick and lime mortar. The height
of plinth should be above the flood water line or a
minimum of 35 cm above ground level. After
completing the plinth, masonry a damp proof course

should be installed.
Massive adobe structures in Mexico are in generally

good condition because natural lime plasters that
helped the adobe materials breath had remained in use,
rather than cement which traps moisture causing the
adobe to crumble.

Dominant building types in Mexico City and the surrounding areas affected by the 2017 September earthquakes

Details of the foundation 
of an adobe building

Adobe wall details



Dominant building types – Adobe structures

Photos credit to Lekkas, Mavroulis, Carydis



Damage to buildings due to the September 2017 earthquakes in Mexico 

The September 7, 2017 M 8.2 Chiapas earthquake
caused damage to the building stock of the Chiapas and
Oaxaca states in Southern Mexico. All types of the
aforementioned types of buildings suffered damage
varying from negligible to slight non-structural damage
comprising hair-line cracks in very few walls and fall of
small pieces of plaster to heavy structural damage
including total or near total collapse.

The September 19, 2017 M 7.1 Puebla-Morelos
earthquake caused damage to the buildings of Mexico
City and the states of Puebla and Morelos in Central
Mexico. Based on Mexican authorities competent with
civil protection and disaster management, about 40
buildings collapsed in Mexico City, while hundreds of
others suffered considerable non-structural and
structural damage forcing residents to evacuate.

Damage are generally attributed to the violent and
prolonged shaking, the differential settlement of
buildings under the earthquake loads, the building
pounding, the effect of the horizontal component of the
earthquake ground motion especially in Mexico City and
the effect of the vertical component of the earthquake
ground motion in the majority of the affected areas in
Puebla and Morelos states.



modified from Grünthal (1998) 

Classification of damage to buildings based on the European Macroseismic Scale 1998 (EMS-98)



Damage Assessment in the town of Atzala, Municipality of Atzala, State of Puebla, Mexico
induced by the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Damage Assessment in the towns of Ayutla and San Nicolas Tolentino of Puebla State and Central West Cuernavaca 
City, State of Morelos, induced by the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Damage Assessment in the town of Coatetelco, State of Morelos, 
induced by the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Damage Assessment in the city of Izucar de Metamoros, State of Puebla, 
induced by the September 19, 2017 M 7.1 Puebla-Morelos earthquake



Spatial distribution of building collapses and heavy structural damage 
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City 

https://www.gob.mx/proteccion-civil



Spatial distribution of building collapses and heavy structural damage 
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City 

Centro Nacional de Prevención de Desastres
https://cenapredmx.maps.arcgis.com/apps/View/index.html?appid=3b89ea9bc2cc4f20affb802abcdcaeab



Spatial distribution of building collapses and heavy structural damage 
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City 

Centro Nacional de Prevención de Desastres
http://www.atlasnacionalderiesgos.gob.mx/



Spatial distribution of building collapses and damage 
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City in correlation with the lake bed zone limit



Spatial distribution of building collapses and damage
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City



Spatial distribution of building collapses and damage
induced by the M 7.1 Puebla-Morelos earthquake in Mexico City in correlation with the lake bed zone limit



Damage to reinforced concrete buildings due to the M 8.2 Chiapas earthquake



Damage to masonry buildings due to the M 8.2 Chiapas earthquake



Damage to masonry buildings due to the M 8.2 Chiapas earthquake



Damage to adobe structures due to the September 19, 2017 M 7.1 Puebla-Morelos earthquake 

Photos credit to Lekkas, Mavroulis, Carydis



Non-structural damage to R/C and mixed type building in the affected area 
due to the September 19, 2017 M 7.1 Puebla-Morelos earthquake 

Cracks in the infill walls and detachment of pieces of plaster from the infill walls

Photos credit to Lekkas, Mavroulis, Carydis



Non-structural damage to R/C buildings in Mexico City and Cuautla due to the M 7.1 earthquake
Cracks, detachment of the infill walls from the surrounding R/C frame and partial collapse of walls

CDMX CDMX

Cuautla CDMX
CDMX

Photos credit to Lekkas, Mavroulis, Carydis



Non-structural damage to R/C buildings in Mexico City due to the M 7.1 earthquake
Diagonal cracks and detachment of pieces of plaster from the infill walls

Photos credit to Maria Teresa Zaldivar



Non-structural damage to R/C buildings in Mexico City due to the M 7.1 earthquake
Diagonal cracks, detachment of the infill walls from the surrounding R/C frame 

and partial collapse of infill walls

Photos credit to Maria Teresa Zaldivar



Tilting of buildings in Mexico City due to the M 7.1 earthquake

Photos credit to Lekkas, Mavroulis, Carydis



Building pounding damage due to the M 7.1 earthquake

Photos credit to Lekkas, Mavroulis, Carydis



Structural damage to R/C buildings in Mexico City due to the M 7.1 earthquake

Photos credit to Lekkas, Mavroulis, Carydis



Heavy structural damage (collapse) to reinforced buildings in Mexico City due to the M 7.1 earthquake

Photo credit: Francisco Caballero Gout via AP

Photos credit to Lekkas, Mavroulis, Carydis



Heavy structural damage (collapse) to reinforced buildings in Mexico City (Enrique Rebasmen school)

Photos credit to Lekkas, Mavroulis, Carydis



Breaking of glass panels in medium- and high-rise reinforced concrete buildings in Mexico City

Photos credit to Lekkas, Mavroulis, Carydis



Damage to masonry buildings due to the September 19, 2017 M 7.1 Puebla-Morelos earthquake 

Photos credit to Lekkas, Mavroulis, Carydis



Damage to masonry buildings due to the September 19, 2017 M 7.1 Puebla-Morelos earthquake 

Photos credit to Lekkas, Mavroulis, Carydis



Damage to churches due to the September 2017 M 7.1 Puebla-Morelos earthquake

Photos credit to Lekkas, Mavroulis, Carydis



Damage to churches due to the September 2017 M 7.1 Puebla-Morelos earthquake

Photos credit to Lekkas, Mavroulis, Carydis



Seismic response of bridges during the September 19, 2017 M 7.1 Puebla-Morelos earthquake

Photos credit to Lekkas, Mavroulis, Carydis



Post-earthquake protection of masonry buildings in Puebla after the September 19, 2017 M 7.1 
Puebla-Morelos earthquake 

Photos credit to Lekkas, Mavroulis, Carydis



Post-earthquake protection of masonry buildings in Atlixco after the September 19, 2017 earthquake

Photos credit to Lekkas, Mavroulis, Carydis



PROTECCIÓN CIVIL MÉXICO
En cazo de SISMO



CIVIL PROTECTION IN MEXICO
EARTHQUAKES What we do?



PROTECCIÓN CIVIL MÉXICO
Sismos en MÉXICO… BRECHA DE GUERRERO



CIVIL PROTECTION IN MEXICO
Earthquakes in MEXICO… Guerrero Gap



Sistema de Alerta Sísmica Mexicano – Mexican Seismic Warning System

The Sistema de Alerta Sísmica Mexicano (SASMEX) for the Mexico City has been regarded as the first system in the
world for earthquake early warning that disseminates its notices to the public (Lee et al., 1998). The Prevention
Time defined as the time elapsed between the beginning of the warning signal and the beginning of the S phase,
related to the region where it is intended to mitigate the risk (Espinosa-Aranda et al., 2009), is close to 60 seconds.
This is because the major seismic effects threatening the Valley of Mexico are originated at the coastal region of the
Pacific Ocean at a distance of about 320 km and since their strongest components travel at a rate of 4 km per second,
taking 80 seconds to arrive, whereas notices broadcasted by radio from the epicenter area can be transmitted
instantaneously anticipating the seismic effects.



Sistema de Alerta Sísmica Mexicano – Mexican Seismic Warning System

The network of 97 seismic sensors
covering the states of Jalisco, Colima,
Michoacán , Guerrero, Oaxaca and Puebla
is administered by the Center for
Instrumentation and Seismic Record
(Centro de Instrumentacion y registro
sismico – Cires, http://www.cires.org.mx/),
a body founded after the 1985 earthquake.
When a major earthquake occurs in the
area covered by the network, the system
automatically issues alerts to the cities of
Acapulco, Chilpancingo, Oaxaca, Mexico
City, Toluca, Morelia, Puebla and
Guadalajara. The alerts for major or public
earthquakes are broadcast on radio,
television and through the receiving radios
known as SARMEX.

Current Topology of field stations of SASMEX

http://www.cires.org.mx/


Sistema de Alerta Sísmica Mexicano – Mexican Seismic Warning System

from Espinosa Aranda et al. (1995), Seismological Research Letters, 66 (6): 42-53



Sistema de Alerta Sísmica Mexicano – Mexican Seismic Warning System

Seismic Alert System of Mexico diagram 

From Espinosa-Aranda et al. (2012), 15WCEE Lisboa 2012



Sistema de Alerta Sísmica Mexicano – Mexican Seismic Warning System



CIVIL PROTECTION IN MEXICO – Following the evacuation route to the “Punto de Reunion”
after the seismic alert for the M 6.1 Oaxaca aftershock on September 23, 2017 in Mexico City

Photos credit to Lekkas, Mavroulis, Carydis



Centros de Acopio

Photos credit to Lekkas, Mavroulis, Carydis



Unidos con nuestros hermanos afectados

Photos credit to Lekkas, Mavroulis, Carydis





Seismic zoning of Mexico City 
and high seismicity zones

from Inglesias (1989), 
Earthquake Spectra, 5 (1), 257-271

Dynamic response of buildings during the 
1985 September earthquake

from Sanchez (1989), International Journal 
of Mining and Geological Engineering, 7, 17-28



Heavy structural damage in Mexico City due to the 1985 Mexico earthquake

from EEFIT (1986)
Location of collapsed or severely damaged 

buildings from UNAM survey
Area of major damage



Location of damage zones in Mexico City 
for 1957, 1979, and 1985 earthquakes

Location of collapsed (dot) or severely damaged (x) 
buildings after the 1985 earthquake

Damage zones in Mexico City due to the 1957, 1979 and 1985 earthquakes

from Rosenblueth (1986), Cir. Eng., 56, 38-40



Damage zones in Mexico City due to the 1957, 1979 and 1985 earthquakes

Isoseismals derived from a damage index 
obtained by Iglesias (1987)

Damage zones in Mexico city for three large 
earthquakes (after Iglesias et al., 1988)
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