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ABSTRACT 

In recent decades, large seismic activity across 

different monitoring networks have been observed in 

the geothermal fields of Mexico, relating the seismic 

to exploitation operations and the hydrothermal 

system, leading to distinguish the activities of major 

impact on the generation of events. In Los Humeros 

from 1997 until 2008, many earthquakes were 

concentrated in the trace of the NE-SW faults and 

around the injection wells, located on the periphery 

of highest temperature zone in the reservoir, 

suggesting a close relationship between seismicity 

and fluid intake through injection wells. Additional to 

the injection and hydraulic fracturing, seismic 

activity has been observed related possibly to the 

fracturing of the rocky skeleton, a phenomenon 

caused by the expansion and dilation of the pores in 

the rock, due to variations in pressure and 

temperature. Los Azufres Field, analyzed during the 

years 2008 and 2009, the seismicity complement the 

structural model associating activity to La Cumbre 

and El Chino faults, also showing numerous events 

related to the injection wells and null respect to 

producing wells. In Tres Virgenes Geothermal Field, 

the seismicity was studied from 2003 to 2010, 

involving much of the seismic activity to the 

stimulation and production testing of the last two 

development wells, the activity is related as well to 

the regional tectonic system, La Virgen, El Volcan, 

El Partido and El Cimarron faults, with striking 

accumulation in La Cuesta and El Partido, structures 

close to the injector and the last well drilled. Finally, 

related to Cerro Prieto geothermal field in Baja 

California, the seismicity is clustered mainly in the 

exploitation area and one kilometer depth of the 

injection and production intervals, when it comes to 

the geological structures, the activity it’s observed 

near the normal fault system (system H or Morelia) 

and Cerro Prieto fault. 

INTRODUCTION 

The study and monitoring of microseismicity at 

geothermal fields has been carried out in several 

places in the world (Lermo et al., 2007, 2008, 2009; 

Valdés, 2004; Rutledge et al., 2002; Rodriguez, 2002; 

Phillips et al., 2002; Munguia and Wong, 1993; 

Segall, 1989; Eberhart-Phillips et al., 1984; Ponce 

and Rodriguez, 1977, etc.) these studies have 

proposed models of performance and characterization 

based on the analysis of microseismicity. 

 

In Mexico during the last 15 years, the Institute of 

Engineering at UNAM, in agreement with the 

Comision Federal de Electricidad (CFE, by its 

acronym in Spanish), has monitored the geothermal 

fields of Mexico; Figure 1 shows the main fields 

considered in this paper and denotes the amount of 

energy generated. 

 
Figure 1: Location of the major geothermal fields in 

Mexico and the amount of energy 

generated in megawatt (MW). 

 

1. Los Humeros Geothermal Field 

The seismic monitoring in Los Humeros field started 

with the earthquake of November 25, 1994 (Md = 
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4.6), which caused considerable damage to his 

infrastructure (Lermo et al., 1999). In December 

1997, CFE installed a Permanent Telemetric Seismic 

Network (RSTP, by its acronym in Spanish), 

composed of six digital triaxial seismographs (S01, 

S02, S03, S04, S05 and S06) and some temporary 

stations around the geothermal field (PNCF, PSCF, 

CLCF, HUCF, T07, T08 and T09). In the present 

study we used the seismic data recorded during the 

period 1997-2008 from two different established 

seismic networks, in order to analyze the distribution 

of seismicity with the wells and local tectonics and 

the relationship of earthquakes recorded at permanent 

stations (S05 and S06). 

 

1.1 Distribution in surface and depth 
 

A total of 237 local earthquakes were considered 

during December 1997 to October 2008, showing 

that the highest concentration is distributed over the 

traces of La Cuesta, Los Humeros, Loma Blanca 

(reactivation) and Las Papas faults, coincidentally 

very close to the injection wells and producers P03, 

P35 and P09.  

 
Figure 2: Morphological map of Los Humeros 

Geothermal Field with the spatial 

distribution in surface of the 237 selected 

earthquakes. 

 

Starting from the surface distribution, the seismic 

section E-W has been traced (blue dashed line, Fig 

2), where is notorious the accumulations (earthquake 

zones) in the field (Fig. 3); the largest number of 

earthquakes is concentrated in the north of the field in 

positions close to the injection wells, about 121 

earthquakes a total of 237, which represents 51%, 

within a range from 2000 to 2700 meters deep. 

 

In the interval 3000 to 5000 meters (deeper area, Fig. 

3) located around 40 events, spread below the 

perforated interval most important production and 28 

related to La Antigua fault; deeper events suggest the 

possible length achieved by faulting. 

 

In contrast, 38 earthquakes are scattered in the south 

of the field and partners at a depth less than 1000 

meters, nine events are related to Las Papas fault and 

scattered in a range from 150 to 5000 meters below 

surface, a small number of events scattered may be 

located in the extension of the Las Papas fault and the 

area of geothermal vapor flow, both located in 

geological area of the limestone. 

 
Figure 3: Seismic section E-W, seismicity (red 

spheres), projection of faults: Los 

Humeros (orange polygon), La Cuesta 

(green polygon), Antigua (gray polygon), 

and Las Papas (red polygon). Injection 

wells (blue lines) and producers (orange 

lines). 

 

1.2. Relationship with injection wells 

 

The studies carried out by Romero (2009), in Los 

Humeros Geothermal Field point out that according 

to the enthalpy values measured at the bottom of the 

wells, the production has not been affected by the 

injection. Antayhua (2007), studied the influence of 

the injection into the stress state of the field, making 

a statistical analysis of the number of earthquakes 

and relating the tons of brine injected, in a continuous 

and discontinuous statistical data (open and closure 

of wells), he was able to observe a proportional 

increase in the number of earthquakes to the rate of 

injection wells (H29-H38), and there is a proportional 

increase and decrease in the ratio of rate in the hole 

injection (I29) and the number of earthquakes 

detected at S05 station, during January 1999 to the 

first interruption of the injection in 2003, then there is 

a change in rates where the injection I38 and I29 

wells maintain a uniform rate of injection to continue 

a proportional relationship.  
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The stop of injection in well I29 (May 2004) would 

consequently indicate a decrease in seismicity, yet 

the rate was maintained and replaced by I38 well, this 

way we can see that during most of the period there is 

a direct relationship between the cost of injection and 

the amount of local earthquakes (Fig. 4, Antayhua 

(2007)). 

 
Figure 4: Correlation of the amount of water 

injection wells I29 and I38 and the 

number of earthquakes recorded at 

station S05 (modified from Antayhua 

2007).  

 

1.3. Relationship with the producing wells 
 

Regarding the relationship between production and 

the number of earthquakes, has not been defined the 

amount of influence of this operation in Los Humeros 

Field. Antayhua (2007), also studied the relationship 

between the producing wells and local seismic 

activity, linking production rate and the number of 

local earthquakes for nearly 8 years in the geothermal 

field (Fig. 5, production rate in different colored lines 

and the number of earthquakes in yellow bars). 

Taking into account a period from 1997 to June 2005; 

six wells produced without interruption (P7, P8, P9, 

P11, P19 and P20) and  steam rate remained while 6 

producing wells operated intermittently (P17, P30, 

P32, P33, P36 and P39), P33 and P36 wells were shut 

down completely for failing to meet the minimum 

production rate, but about 8 wells located in the 

northern part of the geothermal field (P1, P9, P12, 

P15, P16, P31, P35 and P37) showed an increase in 

production, the most augment was observed in P1 

well (pink line, Fig. 5), which had an increase of 

almost 40%.  

 

Respect to the seismicity,  Antayhua (2007), 

compiled the earthquakes recorded at monitoring 

stations closest to the wells, correlated rates of 

production and the number of earthquakes, she 

observed an increase in production after the 

occurrence of  January 21, 2002 earthquake (Fig. 6, 

Mw = 3.2), which was probably the beginning and 

due to fracturing is an expansion in the pores and 

reservoir system, which facilitated the flow of fluids 

through permeable areas, therefore increasing the 

production of steam in the field, despite the 

interruption of some important production wells (Fig. 

5). 

 
Figure 5: Correlation of seismicity recorded at S06 

station and production rate, in different 

colors the rate of production and in the 

number of events (yellow bars) in Los 

Humeros Geothermal Field (modified 

from Antayhua, 2007). 

 
Figure 6: View E-W of Los Humeros; earthquakes 

according to their magnitude (red 

spheres), Zone B (blue polygon) and Zone 

A (red polygon). 

 

1.4. Thermoporoelasticity 

 

The Los Humeros field has observed large seismic 

activity in the North area, where rate of production 

and injection are higher, casually the area of higher 

temperature (310 ° C), if we consider the different 

conceptual models that relate temperature, direction 

and convergence of fluid flow, the fluid is directed 

toward the center and North of the field, which 

includes geothermal fluid source, as of meteoric 

origin (water), seeping and contribute to the aquifer 

recharge, additionally there is a large flow of 

injection, because of the high pressure in the area, the 

field development has lead to locate the producing 

wells around and not the center of the hot zone, as 

observed in Fig. 2 and 5, these factors may be 

consider primary triggers for dilation and expansion 

of pore fluid in the storage rock (limestone), and 
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concentrate mechanisms capable of producing the 

fracturing of the rock skeleton, this kind of fracture is 

in addition to produced through injection and 

stimulation, and therefore due to the change in 

stresses, seismic activity occurs. 

 

It is necessary to consider the elastic effect in the 

pores, to determine not only the percentage of 

earthquakes corresponding to fracture, but rather 

complement the studies refer to a change of the 

properties and behavior during operation, the effect 

of thermoporoelasticity represents a major knowledge 

of the permeability in the reservoir. 

 

Analysis restricts the high temperature zone as the 

region with the highest seismicity, indicating that the 

collision zone between fluids of different 

temperatures within a radius of 1 km in the vicinity 

of the well, also finding that the fluid injected by 

gravity, has depth about 3.5 km and a radius in the 

vicinity of one kilometer, the highest concentration of 

seismicity is located around the injection wells and 

the high temperature zone (Fig. 7). 

 
Figure 7: Map of isotherms with deep well 

temperatures, seismic activity and major 

faults in Los Humeros. 

 

2. Los Azufres Geothermal Field 

Los Azufres is located 200 kilometers West of 

Mexico City. The field owes its name to a small 

accumulation of native sulfur; tectonically is located 

in the central sector of the Trans-Mexican Volcanic 

Belt. The year 2000 marks the time for the onset of 

the seismological studies; Rodriguez et al., (2001), 

initiated an analysis of the seismic equipment in the 

permanent seismograph network; to observed seven 

local earthquakes that define three seismogenic 

regions: one in the West side of the field, near the 

volcanic complex, a second in the Northeast, and a 

third inside the field. 

In relation to our analysis in the hypocentral location 

we gather data for a total of 129 earthquakes, 

examined by three different authors; Lermo et al., 

(2009), found a total of 23 local earthquakes related 

to the field; Valdés (2009), managed to discretize 108 

seismic events, related to tectonic movements in the 

area, located mainly in the west of the field. For the 

present study we used the geographic data of 106 

events, with Root Mean Square (RMS), less than 0.36 

and ranked spatially, the selected earthquakes have a 

duration magnitude of 0.1 to 1.9 degrees, depth 

varying from 0.8 to 6 km, with RMS, from 0.01 to 

0.36 km
2
. 

 

2.1. Distribution of surface and depth of the selected 

earthquakes 
 

Figure 8 presents information regarding 129 selected 

events green, with a graduated scale of magnitude; 

most activity is concentrated in the North around the 

field's leading injection wells, which have the largest 

amount of brine injection; activation associated with 

adjacent faults related to the injection wells located in 

the Northern part of the field has been observed. In 

La Cuesta and El Chino faults, are precisely the 

structures that confirm the presence of seismicity in 

swarms areas close to the data gathering stations, and 

the swarm observed by Valdes during the months of 

April, June and late August and October 2009. In 

areas far from the field outside the reference map, 

some scattered events associated with tectonic 

activity in the Acambay Graben, were recorded. 

 

 

Figure 8: Geomorphologic map of Los Azufres 

Geothermal Field with the different 

zonification. 

 

Relating the location of earthquakes with operating 

wells in the field, the proximity between the events 

and injection wells it is obvious. There were several 

earthquakes grouped in various monitoring periods, 

highlighting the activation of the structures adjacent 
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to the wells, eight events located by Lermo (2009), 

were associated with the activity of La Cumbre fault, 

then the spatial location of at least 35 earthquakes 

located by Valdes (2009), confirmed the alignment of 

the same fault and added activity in El Chino fault, 

geological studies and analysis of seismicity in the 

area confirm the position and the activation seismic 

effects, allowing to visualize its direction north and 

dip about 45°. 

 

3. Tres Virgenes Geothermal Field 

The study of seismicity in the region of Tres 

Virgenes Geothermal Field and its surroundings 

began in 1992 and has continued with interruptions 

until today. Both the earlier work (Guerrero-

Guadarrama, 1997), as the last (Rodriguez, 2000) 

consider this region as a zone of high seismicity. In 

September 2003 the Institute of Engineering of the 

UNAM and CFE performed the installation of ten 

seismic stations (temporary and permanent). 

For their study the authors used 125 earthquakes 

whose duration magnitudes range from 0.3 to 2.5 Md, 

while the depth ranges from 0.6 to 11 km, the 

distinction of wave arrivals was performed with RMS 

of 0.01 to 0.7, generally hypocentral tracking errors 

(latitude, longitude and depth) are greater than 2 km 

for the earthquakes located outside the local network, 

while for those located within the seismic network 

errors were less than 2 km. 

 

3.1. Distribution in surface and depth of selected 

earthquakes 

 

Collecting the earthquakes detected since 2003, 

selected earthquakes were distributed based on the 

zoning according to the background observed. 

Rodriguez (2001), later modified and adapted the 

partition with the new seismic data according to 

changes in the settlement of the seismic grid, the 

precise location of hypocenters may vary within the 

areas proposed; local earthquakes were divided inside 

and outside the geothermal field. 

 

The periods of study are as follows: 

 

1. Period 2003 to 2004. 

2. Period 2006. 

3. Period 2008. 

4. Period June to December 2009. 

 

1. Period 2003 to 2004 

 

During this period, Lermo (2004), noticed that the 

hypocentral locations are related to the faults systems 

La Virgen, La Cuesta (El Volcan), El Partido, El 

Viejo and El Cimarron, giving evidence of their 

activity from about 2003 to date; it also appears that 

the seismic activity near the injector well, and the 

beginning of future mayor activity in El Partido fault, 

with a number of earthquakes associated greater than 

other systems, which later will become an important 

objective for drilling. 

 

Finally, for about four months (September 27 to 

December 23, 2004) again Lermo et al., (2005), 

monitored the seismic activity during the 

acidification of wells LV-11and LV-04, observing 

activity nearby the wells involve in the operation and 

La Cuesta fault, directly related to the activities of the 

wells mentioned above.  

 

2. Period 2006 

 

The year 2006 is considered the period with fewer 

selected earthquakes; however as mentioned, only 

significant earthquakes analyzed in this period were; 

the reactivation of the South portion of La Virgen 

fault, where in June, quantitatively increased the 

number of events (Lermo et al., 2006), in the spatial 

distribution is important to note that in the southern 

part of the field, there was a swarm of earthquakes 

associated with the tectonics of the area. 

 

3. Period 2008 

 

Following studies in 2008, Lermo et al., (2008), 

observed a continuous activity in La Virgen, La 

Cuesta (El Volcan) and El Partido faults, to associate 

the distribution of earthquakes and depth. 

During this period several earthquakes were located 

outside the monitoring network in parallels to La 

Virgen and El Cimarron faults, which could be 

correlated with subsequent studies, confirming the 

activation of El Cimarron and Las Viboras faults, 

which have a NW-SE direction, and presented a new 

structural model (Lermo et, al., 2008), linking these 

two seismic faults with two focal mechanisms. The 

activity near El Cimarron fault is associated with four 

earthquakes in its vicinity, another area that also 

caused reactivation lays South of La Virgen fault. 

Studies by Lopez (1993), justified this activation, 

because their results indicates the extension and its 

location parallel to La Virgen fault. 

4. Period June to December 2009 

 

During the period from June to December for the 

second time the stimulation of a producing well was 

monitored, to observing that most permeable 

conditions in the direction of the well stem of the La 

Cuesta (El Volcan) fault, showed most of the 

associated local earthquakes in the period; the rest of 

the hypocenters are located on the periphery of the 

wells. 
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The spatial distribution of all selected earthquakes 

from 2003 to 2009; is shown in Figure 9; an 

accumulation around the volcano La Virgen, near El 

Viejo I and El Viejo II faults can be noticed, but if 

now observe the earthquakes depth distribution (Fig. 

10) is concentrated in two zones, one beneath the 

volcano La Virgen, and another can be associated 

only with La Cuesta fault, taking account of projected 

listric form, dip, strike and direction, additional can 

be displayed vertically La Virgen and El Partido 

faults, the latter together with LV-08 injector and 

producer wells LV-11, LV-13 do not show associated 

earthquakes.  

 
Figure 9: Geomorphologic map of Tres Virgenes 

Geothermal Field and the spatial 

distribution of earthquakes selected from 

2004 to 2009. 

 

The percentages in relation to the distribution of 

earthquakes in the zones A and B (Fig. 13), indicates 

that 36% of the seismicity is located within the 

geothermal field. The Tres Virgenes Region is a zone 

of high tectonic activity; as seen in Figure 13, 64% of 

the total events are associated to tectonics 

movements, regardless of operating conditions in the 

geothermal field; there are three large accumulations 

associated with local tectonic at North in El Cimarron 

fault, and South of the volcano La Virgen and La 

Virgen fault, the largest structure in the region. 

 
Figure 10: Seismic section W-E, observed according 

to the magnitude of earthquakes (red 

spheres). Faults: La Virgen (red polygon), 

La Cuesta (blue plane) and a possible 

(green polygon). Injection wells (blue 

lines) and producers (orange lines). 

 

 

3.2. Seismicity during drilling, stimulation and 

production tests in well LV-06 

 

In 2009, the last production well drilled in the 

geothermal field (well LV-06), had the objective of 

transgress La Cuesta fault. In June 25, 2009 the 

drilling began and with the stimulation ends on 

December 24 of the same year, at least 30 events 

were associated with the drilling and stimulation 

during this period; Figure 11 shows the activation 

sequence of the earthquakes, this figure is 

accomplished by associating events and interpret the 

dip of the fault, because of the various stress changes 

that generated the microseismicity. The seismicity 

was grouped chronologically and correlated with the 

response times when the bit reached a target depth, 

concluding with a total of 2500 m below surface. 

 

The first indicator of activity was observed since the 

start of drilling by recording an event on June 20, two 

more events later in the month of July, four more in 

October and November at the deepest parts of the 

fault; in mid-December activity was again observed 

in the deeper of the fault and in December 25 match 

two important events, first the cooling process and 

second the activity in the vicinity of the well, where 

the drilling was completed and reached the target 

depth. Finally on December 26, an event ended 

pumping water into the well in the process of whole 

cleaning.  
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Figure 11: Seismic section E-W, show the possible 

dip of La Cuesta fault (blue polygon), Las 

Viboras fault (red polygon). Well drilled 

and well in production (LV-06 and PL-11, 

orange lines), injection wells (blue lines). 

 

The completion work continued for six months until 

delivery of the well, after carrying out the respective 

production testing in June 2010. The seismic 

monitoring by the Institute of Engineering at UNAM 

continued throughout the series of production tests, 

from January through late April in 2010, where about 

260 local events are related to areas near the well 

drilled LV-06 (Fig. 12). 

 

A comparative analysis between the chronologically 

and operations (drilling program provided by CFE) 

and the number of earthquakes (Fig. 11), on 

27/12/2009, is the number of earthquakes increased 

to seven, indicating date the beginning of the 

injection or entry of acid in the vicinity of the well, a 

period known as acidification, the 06/01/2010, started 

the induction process or period of warming in the pit, 

at which time the well is maintained producing a 

constant flow through a valve-regulated, reaching the 

conditions of optimal temperature and pressure in the 

pipes of production, in early February, begins with 

the different tests of production on 09/03/2010, was 

observed most striking coincidence with increasing 

the number of earthquakes and production rate in the 

test, accounting for the greatest number of associated 

earthquakes (58 earthquakes, Fig. 12), which 

concerns an expansion of the rock-fluid system 

within the reservoir due to the production, assuming a 

formation damage estimated at - 1.54, which would 

facilitate the flow of steam into the perforated 

interval. By switching from the orifice plate 3.5'' to 

4.5'', on 12/04/2010, it reached a production of 60 ton 

/ h, associated with an increase of earthquakes again 

to the production tests (11 local earthquakes), until 

the end of well testing in 23/04/2010, where ten 

events were quantified.  

 

It is important to note that the events associated with 

the activities were first detected in the nearest seismic 

station and the closest to the well drilling (station 

TV-01), also have similar differences in the arrival of 

P and S waves (difference lower than 3 seconds), 

which determines its proximity to the station and near 

the well LV-06. 

 
 

Figure 12: Registry of local earthquakes detected by 

seismic station TV-01, during the period 

of December 2009 to April 2010. 

 

4. Cerro Prieto Geothermal Field 

Within the hypocentral location of Fabriol and 

Munguia (1997), 148 local earthquakes were selected 

from about 408 signals observed, with duration 

magnitudes from 0.5 to 4.6 and depths between 1.5 

and 4 km, while Rebollar (2003); restricted his study 

from 2000 to 2001, to 232 local earthquakes, with 

depths of 3 to 12 km and duration magnitudes of -0.3 

to 3.5, deeper than previous studies. 

 

The seismicity data recorded by the Network of 

Seismic Stations in Northwestern of Mexico 

(RESNOM, by its acronym in Spanish) was acquired, 

but no conclusions could be made, because the 

network is far away and outside the study area. 

 

4.1. Distribution of surface and depth of the selected 

earthquakes 

 

The spatial distribution of seismic studies by Rebollar 

et al., (2003), the occurrence of spatially related 

seismic swarms in three different periods of study, 
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which presented a zoning divided into three zones: 

Zone A covers the southern fringe of the lagoon and 

the circle of production, Zone B events observed 

during the month of February 2001 in the Northern 

part of the field reaching the top injection wells, and 

finally Zone C comprises events near the volcano 

Cerro Prieto, Northwest of the field in November 

2000. 

 

For the study is zoned so that the area A, group the 

injection wells in the field that have been developed 

from 1997 to 2009 and were not considered not in 

their goals of studying Rebollar et al., (2003), the 

Zone B together more than 200 producing wells, 

scattered outside areas and associated with tectonic 

activity (Fig. 13). 

 

Finally, for the distribution percentages, we sought to 

cover as much of earthquakes and took into account 

the locations obtained in both studies, achieving 45% 

of group events within the geothermal field, scattered 

and off the field 55%, the percentages specific 

distribution are presented in Figure 14, Zone A 

covers the injection wells and Zone B production 

polygon, so the analysis indicates that the operating 

area account for 45% of events, suggesting that 

events are induced by the injection or production 

operations, resulted in the activation of adjacent fault 

(H fault). 

 
 

Figure 13: Distribution Map of Cerro Prieto 

Geothermal Field, with the zonification, 

seismic activity developed by Fabriol and 

Munguia (1997), and by Rebollar, 2003 

(green circles).  

 

4.2. Relation to field operations 

 

Regarding field operations, Fabriol and Munguia 

(1997), correlated the earthquake occurred on 

January 5, 1995 with an increase in rate of injection 

by gravity in the well 303, January 11, six days later 

there was again an earthquake with duration 

magnitude of 4.1 to 1 km depth of the production 

interval, this event was associated with an increased 

of production, also with the rate of injection, that due 

to fracturing improve the permeability in the well 

303, precisely indicated by microseismicity in the 

vicinity of the well.  

 

The geothermal fluid in the reservoir (steam) from 

the groundwater and reinjection, crosses the fault 

system and gets in contact with areas of high 

temperature (300 ºC), producing a small percentage 

of geothermal fluid, so both according to the 

phenomena established through correlation between 

injection rate, the occurrence of earthquake one 

kilometer deep from the perforated interval and the 

hydrological model, helps to determine the depth 

reached by the cold water (gravity injection system or 

aquifer recharge) is greater than 3 km, it also suggest 

fracture due to contact between the fluids and the 

porous medium, which manifests itself in induced 

seismicity and is additional to the tectonic activity of 

Cerro Prieto and Imperial faults. 
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Figure 14: Percentage distribution of events in the 

major geothermal fields in Mexico 

CONCLUSIONS 

Monitoring, interpretation, and the continued study of 

the seismicity in geothermal fields of Mexico, have 

generated a variety of approaches and findings, 

which lead to associate seismicity, with operations 

and exploitation activities in the fields. 

 

1. Monitoring confirms stress changes and activity in 

exploitation areas where seismicity had not been 

observed, which occurred at the time of the field 

operations and confirm that the events have been 

induced by the numerous activities, that comprise the 

largest percentage of local seismicity in three of the 

four major geothermal fields of Mexico. The 
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exception is the Tres Virgenes Field where most 

seismic activity is associated with the tectonic 

activity. 

 

2. Injection is indicated as the main generator of 

seismic activity, in Los Humeros, Los Azufres and 

Cerro Prieto; most earthquakes are grouped mainly in 

the vicinity of injection wells; their occurrence has 

been observed in short periods of time (hours, 

minutes and seconds) to long times (years), which 

may be associated with additional generating 

mechanisms. The wells near faults both producers 

and injectors, show stress changes, activation or 

reactivation, if possible allowing to build the 

projection, dip and direction. 

 

3. There are poroelastic mechanisms involved in the 

fracturing of the pores, an indicator of this 

phenomenon is the large concentrated 

microseismicity in the greatest temperature area in 

Los Humeros Field, there is no fixed percentage of 

the earthquakes associated with the effect; however 

the North region of the field, meets the necessary 

mechanisms for its manifestation (high temperature 

and pressure), parameters that suggest the presence of 

the phenomenon of thermoporoelasticity. 

 

4. During the seismic monitoring period from 2009 to 

2010 in Tres Virgenes Geothermal Field, the 

seismicity is associated with drilling and the 

production testing in LV-06 well, describing the form 

of the structural objective, La Cuesta fault, shown in 

chronological order the sequence of activation during 

drilling period (June to December 2009), confirming 

the induction and the possible projection of the fault. 

We could observe in specific dates, correlation 

between the operation and earthquakes: 

 

- End of stimulation and cleaning process, 

24/12/2009, 7 earthquakes. 

- Being of acidification (27/12/2009), number of 

earthquakes increased to 7. 

- Begin of induction or well heating, the 06/01/2010, 

7 earthquakes recorded. 

- Production Test 3 ½'', the 09/03/2010, 58 

earthquakes. 

- Production Test, change in diameter at the orifice 

plate 3 ½''to 4'', 23/04/2010, 10 earthquakes. 

 

5. It is important to note that seismic activity within 

the periods considered in the study and concerning 

geothermal fields of Mexico, do not exceed 3.5 

degrees of duration magnitude, although also found 

in tectonically active areas, there is not any major 

event associated to exploitation, which could be 

considered hazardous to people or the infrastructure 

itself. 
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