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ABSTRACT

According to the Mexican National Seismological Service (SSN), about 25  % of Mexico’s 
seismic activity is concentrated in the state of Oaxaca. Over time, its population has suffered serious 
material damage and human losses. In the event of an earthquake, the rigidity of the subsoil beneath 
urban centers directly impacts the amount of damage to buildings and infrastructure. However, 
because damage is influenced by the soil seismic response and because there are as yet no updated 
site response studies that allow us to propose a seismic microzonation of the metropolitan area 
of Oaxaca, research of this type is very useful for educational and governmental institutions. In 
this study, seismic noise recording was carried out with broadband sensors to characterize the 
Horizontal to Vertical Spectral Ratio (HVSR). The main outcome of the study is a map representing 
the distribution of the seismic site response in the metropolitan area of the City of Oaxaca (ZMO). 
Furthermore, these results were correlated with the study area’s soil type records.
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RESUMEN

En el estado de Oaxaca se concentra cerca del 25 % de la sismicidad en México según los datos del 
Servicio Sismológico Nacional (SSN) y a lo largo del tiempo su población ha sufrido daños materiales 
y pérdidas humanas. La rigidez del subsuelo debajo de los centros urbanos impacta directamente en 
la cantidad de afectaciones a edificios y viviendas debido a la ocurrencia de un sismo. Pero debido 
a que los daños están influenciados por la respuesta sísmica del terreno y a que no se cuenta con 
estudios de los efectos de sitio actualizados que permitan proponer una microzonificación sísmica 
en la zona metropolitana de Oaxaca, continúa siendo de gran interés este tipo de estudios para las 
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INTRODUCTION

Due to the Cocos plate subduction under the North American 
plate and the seismic activity related to intraplate structure that 
causes shallow quakes, Oaxaca is one of the major earthquake zones 
of Mexico. The area has been affected by a large number of seismic 
events with magnitudes above 7, one example being the September 7, 
2017 Tehuantepec earthquake with Magnitude 8.2 one of the largest 
extensional earthquakes to have occurred  near the subduction zone 
(Cortéz et al., 2023).

Historically, the population of Oaxaca has been affected in differ-
ent pre-Columbian times by a large number of seismic events, so much 
so that Fray Juan de Córdova (1578) in the “Vocabulario en lengua 
zapoteca” contains words to designate the tremor of the earth: xoo, 

but also a name for the deity of earthquakes: Pitao xoo (Garduño-
Monroy et al., 2019). 

For the State of Oaxaca, Figure 1 shows the seismicity 
of magnitude above 6Mw reported by the Mexican National 
Seismological Service (SSN), and the focal mechanism for earthquakes 
with M>=7 reported by Global CMT Catalog for the period 1976-
2024 (Dziewonski et al., 1981; Ekström et al., 2012).  In particular, 
the central portion corresponds to the intraplate events zone in the 
south-east area of Mexico, named NAM by Zúñiga et al. (2017), and 
matches the intraplate seismicity of the southeastern area of Mexico. Its 
maximum depth has been measured at 20 km. Similarly, seismicity is 
observed in the convergence zone of the Pacific and North American 
plates, which corresponds to the zone named SUB3 by Zuñiga et al.
 (2017).
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Figure 1. Seismicity with magnitude greater than 6Mw in the state of Oaxaca, Mexico from 1910 to 2024 (reported by the "Servicio Sismológico Nacional", www.
ssn.unam.mx). Focal mechanism for earthquakes with M>7 reported by Global CMT Catalog (www.globalcmt.org) for the period 1976-2024 (Dziewonski et al., 
1981; Ekström et al., 2012). The study area is presented in the blue square.

instancias educativas y de gobierno. En este trabajo, se utilizó el registro de ruido sísmico por medio 
del uso de sensores de banda ancha y se caracterizaron los cocientes espectrales HVSR. El principal 
resultado del estudio está representado en un mapa de la distribución de la respuesta sísmica de sitio 
en el área metropolitana de la Ciudad de Oaxaca (ZMO). Además, estos resultados se correlacionaron 
con registros del tipo de suelo en la zona de estudio así como una propuesta de familias espectrales. 

Palabras clave: microtremores, HVSR; microzonificación sísmica; Oaxaca; suelos.
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Local site effects due to soft sediments can play a significant 
role in the amplification of seismic wave ground motions during 
earthquakes (Aki, 1993). There is, therefore, ample need to carry out 
a comprehensive seismic microzonation of Oaxaca City  to provide 
the seismic parameters for any future socio-economic applications, 
such as civil protection, construction guidelines, local regulations, 
building optimization, and urbanization (Zavala et al., 2021), as well 
as the importance of carrying out local micro-zoning studies in areas 
of world heritage buildings (García-Nieto et al., 2021). 

STUDY AREA

Oaxaca is one the most active seismic zones in southern Mexico, 
concentrating up to 28  % of the seismicity reported by the SSN 
throughout Mexico (SSN, 2024). It also comprises the seismic activ-
ity related to intraplate structures, causing shallow quakes associated 
with the Oaxaca fault system, which is formed at the borders between 
the Zapoteco (Oaxaca) and Cuicateco (Juárez) terranes, and besides 
its normal component has always been thought to have a horizontal 
component in arguable direction (Campa & Coney, 1983; Sedlock 
et al., 1993; Alaniz-Álvarez et al., 1994; Garduño-Monroy et al., 
2019).

This tectonic environment belongs to the following seismotectonic 
regions: 1) NAM, a zone of intraplate events (depth h <20 km) that take 
place on the continental plate southeast of Mexico, and 2) seismogenic 
region IN2, which is a transition zone of the Cocos plate, with 
intermediate-depth intraplate events (40 km <h <255 km). Zúñiga et 
al. (2017) estimated recurrence periods for the central zone of the State 
of Oaxaca of 6 years for earthquakes with magnitudes greater than 
5 that occur in the NAM zone, periods of 109 years for magnitudes 
greater than 7 that occur within the Cocos plate subduction, and 
periods of 37 years for earthquakes of magnitude greater than 7.5 
occurring in the coupling zone of the Cocos and North American 
tectonic plates (SUB3).

The most important events recorded for this area are: 
• February 3, 1911: Huajuapan de León, Oax., Mw6.5, depth 80 km 

(SSN-Catálogo de sismos grandes, 2024; Intra-plate event, Cocos 
plate, normal faulting)

• February 9, 1928: Acatlán de Osorio Pue., Mw6.5, depth 84 km 
(SSN-Catálogo de sismos grandes, 2024; Intra-plate event, Cocos 
plate, normal faulting)

• January 14, 1931: Miahuatlán, Oax., Mw7.8, depth 40 km (Singh et 
al., 1985;  Intra-plate event, Cocos plate, normal faulting)

• July 25, 1937: Veracruz border, Mw7.3, depth 85 km (SSN-Catálogo 
de sismos grandes, 2024 and Nava, 1998; Intra-plate event, Cocos 
plate, normal faulting)

• August 28, 1973: Veracruz border,  Mw7.3, depth 82 km (SSN-
Catálogo de sismos grandes, 2024; Intra-plate event, Cocos plate, 
normal faulting)

• October 24, 1980: Acatlán de Osorio Pue., Mw7.1, depth 65 km 
(SSN-Catálogo de sismos grandes, 2024; Intra-plate event, Cocos 
plate, normal faulting)

• February 2, 1998: San Pedro Pochutla, Oax., Mw6.4, depth 33 km 
(SSN, 2023 and Solano-Hernández & Mendoza-Ponce, 2021; Strong 
coupling subduction event, thrust faulting)

• September 30, 1999: Puerto Escondido, Oax., Mw7.4, depth 39km 
(Singh et al., 2000; Intra-plate event, Cocos plate, normal faulting)

• March 20, 2012: Pinotepa Nacional region, Mw7.5, depth 18km 
(UNAM Seismology Group, 2013; Strong coupling subduction 
event, thrust faulting)

• September  7, 2017: Tehuantepec Isthmus region,  Mw8.2, depth 
45 km (Melgar et al., 2018; Intra-plate event, Cocos plate, normal 
faulting)

• February 16, 2018: Pinotepa Nacional, Oax., Mw7.2, depth 16 km 
(Fielding et al., 2022; Strong coupling subduction event, thrust 
faulting)

• and June 23, 2020: Huatulco, Oax., Mw7.4, depth 22 km (Velazquez-
Bucio et al., 2023; Strong coupling subduction event, thrust 
faulting).

The city of Oaxaca de Juárez is one of Mexico’s most representative 
cities, both in terms of tourism and culture. It is located in the central 
portion of the state of the same name and covers an area of 63,786 
hectares (637 km2). Made up of 26 municipalities (See Figure 2), the 
city lies at the junction of the valley of Etla to the north, the valley of 
Tlacolula-Mitla to the southeast and the valley of Zaachila-Zimatlán 
to the south (Marcus & Flannery, 1994; Piperno & Flannery, 2001). 
The Sierra de Juárez bounds the study area to the east and the Sierra 
de Oaxaca to the west.

Figure 2 shows the 26 municipalities that make up the ZMO 
and that correspond to: 1. Ánimas Trujano, 2. Magdalena Apasco, 3. 
Nazareno Etla, 4. Oaxaca de Juárez, 5. San Agustín de las Juntas, 6. 
San Agustín Yatareni, 7. San Andrés Huayapam, 8. San Antonio de 
la Cal, 9. San Bartolo Coyotepec, 10. San Jacinto Amilpas, 11. San 
Lorenzo Cacaotepec, 12. San Pablo Etla, 13. San Sebastián Tutla, 14. 
Santa Cruz Amilpas, 15. Santa Cruz Xoxocotlán, 16. Santa Lucía del 
Camino, 17. Santa María Atzompa, 18. Santa María Coyotepec, 19. 
Santa María del Tule, 20. Santo Domingo Tomaltepec, 21. Soledad 
Etla, 22. Tlalixtac de Cabrera, 23. Villa de Etla, 24. Villa de Zaachila, 
25 Guadalupe Etla and 26. San Andres Zautla.

SURFICIAL GEOLOGY

Oaxaca City is located in the geological province of the Sierra 
Madre del Sur (SMS), which presents different basement terranes with 
contrasting stratigraphy and tectonic features (Ortega-Gutierrez, 1981; 
Campa & Coney, 1983; Morán-Zenteno, 1999). The Central Valley 
region comprises the Zapoteco (Oaxaca) and Cuicateco (Juárez) 
terranes (Campa & Coney, 1983; Sedlock et al., 1993). 

The Zapoteco terrane is composed of a basement of Precambrian 
rocks, i.e., Oaxaca Complex rocks (Fries et al., 1962), covered by 
non-continuous and non-metamorphed Paleozoic sedimentary rocks 
(Sedlock et al., 1993). The Oaxaca complex is the oldest basement 
in southern Mexico and is made up of a series of paragneisses and 
orthogneisses, meta-anorthosites, calc-silicate metamorphic rocks, 
and charnockites. Intrusive granite from the Tertiary is the rock with 
the smallest distribution in the area, since it is only observed in two 
small areas to the north and northeast. The Suchilquitongo formation 
is exposed in the northern area between Oaxaca and Etla. It is mainly 
constituted of ignimbrite, polymictic conglomerate, andesitic tuff, 
sandstone, and lake limestone. The volcaniclastic units sometimes 
present intercalations of lake and river sediments, in addition to being 
frequently affected by hypabyssal intrusions of variable composition. 
The ages obtained by Ferrusquía-Villafranca and McDowell (1991) in 
four different zones of the central and southeastern parts of Oaxaca 
vary from 20.6 to 13.5 Ma. Fluvial sediments of the Tertiary and 
Quaternary ages predominate in the Valley, resulting from cyclical 
accumulation-erosion changes.

The Cuicateco terrane sequence defines a belt of folds and 
NNWO – SSE ridges with vergence to the east, whose origin has been 
attributed to the Laramide orogeny during the Late Cretaceous-Early 
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Tertiary (Carfantan, 1985; Delgado-Argote, 1989; Barboza-Gudiño 
and Schwab, 1996; Ángeles-Moreno, 2006). The youngest tectonic 
events are characterized by a brittle deformation defined by Eocene-
Miocene lateral and normal faults (Carfantan, 1985; Ángeles-Moreno, 
2006). The Mylonitic complex has been interpreted as a thrust zone 
reactivated in the Jurassic, followed by normal brittle-ductile fault 
reactivation during the Cenozoic uplift of the mylonitic belt (Delgado-
Argote, 1989; Centeno-García et al., 1990; Alaniz-Alvarez et al., 1996), 
and also interpreted as the juxtaposition zone of the Zapoteco and 
Cuicateco terranes (Centeno-García et al., 1990), which gives it a 
saddle-like geometry directed towards the east. The youngest rocks, a 
polymictic conglomerate and alluvial deposits, product of the erosion 
of pre-existing rocks, are located in the southern portion of the area.

In the mountains, the soil mosaic is made up of poorly developed 
soils such as Leptosols, to highly developed Acrisols. The Acrisols 
are located on Tertiary rocks (tuffs of andesitic composition) in the 
eastern part of the sierras and mountains of the districts of Tlalixac 
de Cabrera and Santo Domingo Tomaltepec. In the mountains of the 
Sierra Juárez, Cambisols predominate over the mylonitic complex 
and sandstones. Luvisols predominate in the center and south of the 
area in Requemontes, as different types of igneous, sedimentary, and 
metamorphic rocks; to the southwest, they predominate in mountain 
ranges and mountains. Regosols are located in foothills, and to a lesser 

extent in low and high hills; Phaeozems are associated with piedmont, 
valley, and plain, and sedimentary-type rocks; Leptosols are mostly 
associated with low slopes that develop on sedimentary rocks and 
tuffs; and Fluvisols are young soils associated with slopes of less than 
5 % and alluvial deposits located in the valley zone. 

In particular, in the northern zone of the ZMO, sediments of 
different sizes such as clays, sand, gravel and boulders are found in 
the form of a heterogeneous mixture (Belmonte-Jiménez et al., 2003).

HVSR MICROTREMOR DATA ANALYSIS 

Nakamura’s method (Nakamura, 1989; 2000) is used to estimate 
the site response characteristics, both of the fundamental frequency 
of the soil and of the amplification. The method measures environ-
mental noise using three-components seismometers and estimates the 
resonance frequency. As a result, the transfer function at a specific site 
(TF) is expressed by the spectral ratio between the horizontal and the 
vertical components of the ambient noise measured in that particular 
site (H/V). H is usually considered as the average of the spectra in the 
horizontal plane. Resonance frequencies are inversely proportional to 
the depths of high impedance contrasts and can be interpreted to as-
certain the thickness of unconsolidated sediments (Nakamura, 1989). 

Figure 2. Map of the 26 municipalities of the metropolitan area of   Oaxaca (ZMO). Source: prepared based on data obtained from the INEGI (2023).
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Point Reference Longitude Latitude

OX01 Trinidad de Viguera 737533.55 1893756.33
OX02 Héroes de Chapultepec 742142.24 1888969.31
OX03 Forestal Suburb, Sta. María Aztompa 737644.81 1891360.50
OX04 Plazuela de San Juanito 740573.17 1886743.91
OX05 La Raya 742248.00 1879500.00
OX06 5 de mayo 742317.99 1887861.24
OX07 IPN - CIDIIR Unidad Oaxaca 742698.92 1884109.84
OX08 Insurgentes Xoxocotlán Suburb 741292.55 1884660.67
OX09 Zaachila, El niño 739292.93 1876028.94
OX10 San José la Noria Suburb 742684.31 1886640.14
OX11 UGM 736472.05 1895992.04
OX12 San Felipe Tejalapam 730518.56 1893684.90
OX13 San Lorenzo 733887.83 1894922.65
OX14 Santo Domingo Barrio Bajo 733655.28 1902161.03
OX15 San Pedro Ixtlahuaca 734507.84 1888303.33
OX16 San Jerónimo Yahuiche 737566.01 1892532.13
OX17 San Martín Suburb 739171.76 1887800.75
OX18 Colinas de Monte Albán 738523.51 1888462.99
OX19 Pueblo Nuevo 738955.32 1893479.20
OX20 Santiaguito Etla 736205.68 1898099.79
OX21 Magdalena 731599.98 1907581.99
OX23 Santa Rosa 739587.14 1891898.11
OX24 Lomas de Santa Rosa 740235.61 1891497.20
OX25 Esmeralda 736528.69 1894734.80
OX26 Santa Lucía 745061.81 1887913.58
OX27 Santa Maria El Tule 752809.25 1886664.93
OX28 Viguera-San Pablo 739383.57 1896316.49
OX29 La Asunción 734348.40 1904820.83
OX30 Benito Juárez Monument 747148.44 1888105.04
OX31 Cuilapam 736294.69 1880458.27
OX32 Huayapam 749020.15 1891854.30
OX33 Volcanes 744497.51 1891230.27
OX34 San Felipe Suburb 743130.07 1891262.79
OX35 Arrazola Town 735100.74 1885225.37
OX36 San Agustín 743747.57 1882314.46
OX37 San Bartolo Coyotepec 744124.56 1876374.75
OX38 Nazareno Etla 731815.00 1900495.00
OX39 Soledad Etla 731770.00 1899838.00
OX40 Ánimas Trujano 743468.00 1879986.00
OX41 Tlalixtac 749874.00 1888742.00
OX42 Guadalupe Etla 732789.00 1899989.00
OX43 Matadamas Etla 732419.00 1898366.00
OX44 Villa de Etla 723292.00 1911380.00
OX45 San Agustín Etla 737738.00 1900386.00
OX46 Lachixolana 727937.67 1906412.39
OX47 Catano Suburb 732291.00 1905812.00
OX48 San Miguel Etla 736067.00 1903290.00
OX49 Santa María Coyotepec 744202.00 1877318.00
OX50 San Antonio de la Cal 744101.00 1883097.00
OX51 La Noria Suburb 742510.27 1886991.30
OX52 Oaxaca Cultural Center 744196.27 1888372.46
OX53 Las Flores Suburb 744277.94 1889396.23
OX54 El Rosario Suburb 1885300.48 1885300.48
OX55 Santa Cruz Xoxocotlán 1882852.00 740014.79
OX56 Oaxaca suburb 1889973.00 738187.00
OXIG OXIG National Seismological Service 741276.90 1888982.60

Table 1. Geographic coordinates for the measured microtremor sites. 
Coordinate system: UTM Zone 14N.

The Horizontal to Vertical Spectral Ratio (HVSR) technique is 
one of the cheapest and simplest geophysical tools in terms of data 
acquisition and processing (Mucciarelli, 2003). For these reasons, it has 
been used in different regions all over the world, such as Italy (e.g. Cara 
et al., 2008; Massa et al., 2009), Spain (e.g. Cadet et al., 2011; López 
Casado et al., 2018), and Mexico (Chávez-García & Tejeda-Jácome, 
2010; Zavala et al., 2021; Cortez et al., 2023). The HVSR technique is 
a passive seismic method used to determine the resonance frequency 
and amplification of ground motions influenced by a surface layer. 
In earthquake engineering, HVSR data is important in the seismic 
hazard microzonation and local site effect studies. It was proposed by 
Nogoshi and Igarashi (1971) and by Nakamura (1980). 

A great advantage of this methodology is that the soil response 
can be investigated using only one single station (Delgado et al., 2000a; 
2000b; Clemente-Chávez et al., 2014), which is useful in the field of geo-
technical earthquake engineering (SESAME, 2005). While other tech-
niques are not applicable due to the high cost or their invasive nature, 
this approach is widely used in the development of seismic hazard mi-
crozonation maps in densely-populated metropolitan areas, as referred 
above. Moreover, the HVSR method has recently been used to estimate 
the natural frequency (or structural period) of buildings with different 
heights and construction systems, also proving to be a useful applica-
tion to determine the soil-structure interaction (Stanko et al., 2017).

Particularly, in the area of the municipality of Oaxaca de Juárez, 
Lermo-Samaniego-Samaniego and Chávez-García (1995) installed a 
network of short-period seismographs (1 second of natural period), 
covering 20 sites in areas of sedimentary deposits within the munici-
pality through the Nakamura (1989) technique. Lermo-Samaniego 
and Chávez-García (1995) obtained dominant periods in the order 
of 0.25 to 0.8 seconds in the city.

SEISMIC DATA ACQUISITION

In the present case, microtremor measurements were per-
formed at 57 selected sites (see Table 1) in the ZMO (Figure 3a) 
in order to estimate the empirical transfer function, applying the 
Nakamura technique and considering the recommendations es-
tablished by SESAME (2005) . Our selection of the sites was per-
formed contemplating the various soil types along the studied area. 

Measurements have been conducted through the implementa-
tion of a portable seismic station equipped with a three-component 
velocity sensor (Trillium Compact 120s broadband seismometer) 
connected to a three-channel DataCUBE data logger (sampling rate 
of 200 samples per second). 

We followed the recommendations of the Centro Nacional de 
Prevención de Desastres (CENAPRED) for seismic microzonation 
studies to allow data acquisition in the frequency bandwidth [0.1,10] 
Hz (CENAPRED, 2017). A GPS receiver was connected to the data 
logger in order to provide the location coordinates and confirm the 
time frame for each measurement. Each seismic measurement was 
preferably carried out at night when the level of anthropogenic noise 
is lower. We have ensured that the data acquisition has a minimum 
duration of 4 hours to ensure that the sensor has stabilized, and the 
measurement is not disturbed by temperature (Zavala et al., 2021). 
and considering seismic records with a sample rate of 200 sps. The 
broadband equipment was placed on the ground with a thermal in-
sulation system. Figure 3 shows the geographical distribution of the 
measured sites in relation to the different soils units and the struc-
tural faults in the studied area. Also shown is a 73km-long geological 
profile with SW-NE direction, obtained from Hernández-Sánchez 
(2016) through inversions of magnetometric and gravimetric data. 
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MAP OF SEISMIC SITE CLASSES

The first seismic microzonation map for the metropolitan area 
of Oaxaca (ZMO) was obtained by applying the geostatistical method 
of ordinary kriging interpolation (Figure 4) based on ambient noise 
recorded on broadband seismometers.

The results show characteristic frequencies of the soil that vary 
from 0.1 to 10 Hz. The highest frequency values (low periods) corre-
spond to metamorphosed rocks, such as gneiss and the metamorphic 

The predominant geological units are (a) metamorphic rocks (gneiss 
and anorthosite), belonging to the Oaxacan complex and the Aloapan 
Mylonitic complex (andesitic-andesite tuff); (b) sedimentary rock 
(Jaltepetongo) and volcanic rocks (Suchilquitongo); and (c) alluvium 
unit (Campos-Enriquez et al., 2010; Hernández-Sánchez, 2016).

The Nakamura technique allowed to obtain the fundamental 
frequency and period values for each of the sites. The behavior of 
the data obtained from the mean spectral ratios graphs allowed us 
to classify three predominant behaviors in the study area (Figure 4).

Figure 3. a) Distribution of stations is shown with respect to the predominant types of soils and the structural faults in 
the studied area.  b) Geological profile along the Section C-C’ (modified from Hernández-Sánchez, 2016).
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complex. This area of low periods is observable in the direction of 
the mountains and north of the City of Oaxaca. The intermediate 
zone covers periods of 0.22 to 1.3 s, the latter related to soils of the 
Regosol and Vertisol type in transition zones from the plains to the 
foothills. The lower zone encompasses dominant periods greater than 
1.3s, which correspond to fluvial deposits that increase in thickness 
towards the south.

In addition, zone 1 is associated with the prevalence of Ver-
tisols and Luvisols, which prevail in the lower areas of the valley. 
Zone 2 corresponds to transition zones, which mostly predomi-
nate in foothills and low hills. Zone 3 is related to high areas, such 
as hills and mountains. The prevailing soils are Regosols and 
Leptosols. In Figure 4b, we can observe the classification of the 
mean HVSR spectral ratios for each family identified in Figure 4a.

CONCLUSIONS AND DISCUSSIONS

This work presents a first seismic classification map for building 
purposes in the Oaxaca Metropolitan Area (ZMO) through HVSR 
calculation. It also features a correlation with the geology and the soil 
in order to estimate the distribution of materials susceptible to ground 

shaking amplification, as we can see in Figure 5, where the different 
periods obtained for the ZMO and soil types can be identified. A 
classification of the HVSR for different lithologic units outcropping 
in Oaxaca City (silts, alluvium, conglomerates, shales, and limestones) 
has been integrated for the first time. 

Usually, the younger and softer soils amplify ground motion more 
than older and better consolidated soils or bedrock. As observed in 
Figure 4a, in the central zone of the Oaxaca Metropolitan Area valley, 
the seismic site response is greater than in the mountains. However, 
compared to the Etla valley, the Zaachila-Zimatlán and Mitla-Tlacolula 
valleys are more vulnerable to the site effects.

As a comparison, the isoperiod data obtained for the municipality 
of Oaxaca de Juaréz are consistent with those obtained in the periphery 
of the city of Oaxaca (Lermo-Samaniego & Chávez-García, 1995), 
once the seismic records coincide with areas of sedimentary deposits 
(periods between 0.4sec – 0.6sec). 

However, in this work it is possible to identify an area with periods 
in the order of 1 second in a zone with a NE-SW trend (Figure 6). 
This area corresponds to the area of historical monuments of the city 
of Oaxaca. This trend is also present in the previous study by Lermo-
Samaniego and Chávez-García (1995) although the periods seem to 
be underestimated. This discrepancy may be due to the limitations 

Figure 4. a) Map of seismic zones in the ZMO. b) Mean spectral ratios H/V for each zone: red (zone 1), yellow (zone 2), 
and green (zone 3). Continues.
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of the measurement equipment used in previous studies compared 
to broadband equipment, as we observed in previous comparisons in 
the City of Querétaro (Zavala et al., 2021). 

Therefore, the local effect depends on variables such as topogra-
phy, surface layers, and the characteristics of the earthquake (Figure 
5). The knowledge of the dominant periods of the soil, as well as 
their distribution, is very useful to estimate their coincidence with 
the natural periods of buildings and civil structures.

Figure 4 (cont.). a) Map of seismic zones in the ZMO. b) Mean spectral ratios H/V for each zone: red (zone 1), yellow (zone 2), and green (zone 3).
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Figure 5. Summary map of results. The data of the isoperiods are presented as well as the types of soil present in the ZMO.

Figure 6. Seismic microzonation in the metropolitan area of Oaxaca, Mexico, based on the ordinary Kriging geoestatical interpolation. 
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