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ABSTRACT

We investigate the temporal and spatial dependence of source 
parameters of micro-earthquakes (<M3) before and during water 
injection at the Northwest Geysers between 2005 and 2010. Our 
objective is to understand the relation among injection, produc-
tion and source mechanisms of micro-earthquakes. We examine 
a small area that surrounds an injection well (Prati 9) that extends 
into the deep zone. We utilize three approaches to determine 
the source parameters of the micro-earthquakes; the Empirical 
Green’s Function (EGF) method (Viegas et al., 2010), NetMoment 
method (Hutchings 2002), and moment tensor inversion (Minson 
and Dreger, 2008). We first compare the source parameters of 30 
earthquakes determined using the three approaches for validation 
purposes, and then we determine the source parameters for all the 
earthquakes located within a small volume around the well head 
before and during injection. We find a good correlation coefficient 
of 91% between the monthly water injection-rate and the number 
of induced micro-earthquakes located inside the small volume, 
with a zero time lag, indicating that the seismic response to water 
injection is less than a month time. We find the b-value in the 
Gutenberg−Richter law, which equates the proportion of small 
earthquakes to large ones, increased from 1.3 to 1.6 with the 
start of water injection, indicating an increase of the number of 
small earthquakes relative to larger earthquakes due to reservoir 
stimulation. Our results indicate that micro-earthquakes at the 
Northwest Geysers have on average stress drops (mean of 11 MPa) 
comparable to the ones of natural occurring tectonic earthquakes 
in the region (around 17 MPa). We notice that the shape of the 
earthquake cloud is slightly elongated in the SW-NE direction, 
consistent with the preferential alignment direction of micro-
cracks found in anisotropic studies, indicating that slip is being 
facilitated in pre-existing cracks. The study of micro-seismicity 
is a useful tool in reservoir exploration management, as it can 

be used to track the release of strain and the injected fluid flow 
paths, and to characterize the permeability of the reservoir. The 
source information has implications for understanding the phys-
ics of faulting and the principal mechanisms involved in induced 
seismicity.

Introduction

We investigate the source mechanisms of micro-earthquakes 
at the Northwest Geysers geothermal field in California between 
2005 and 2010. Our objective is to understand the relation 
among injection, production and source mechanisms of micro-
earthquakes. The injection of water into the ground has become a 
common procedure in the management of geothermal reservoirs. 
At The Geysers, which is a vapor dominated reservoir, the injection 
of water has improved productivity of the reservoir and extended 
the lifespan of an economically viable energy production activity. 
Water injection helps maintain the reservoir pressures and the flow 
rates at production wells, and improves the chemical quality of 
the steam. (Majer and Peterson, 2007a). However, the injection of 
water also produces an increase in micro-seismicity. The relation-
ship between water injection and increased micro-seismicity at The 
Geysers has been established in many studies (e.g. Eberrhart-Phil-
lips and Openheimer, 1986; Smith et al., 2000), showing a good 
correlation between the injection flux and the rate of increased 
micro-seismicity. Micro-seismicity is used as a tool in exploration 
management, as it can be used to track the release of strain and 
the injected fluid flow paths, and to characterize the permeability 
of the reservoir. However, the level of increased micro-seismicity 
has generated concerns among the nearby communities. The 
mechanism by which the micro-seismicity is triggered is not clear, 
and several possible mechanisms are considered. The presence of 
fluids perturbs the stress field (by changing the pore pressure) and/
or facilitates chemical reactions that alter the frictional properties 
of the reservoir (by, for example, the precipitation of cements that 
bonds fracture walls; e.g., Karner, 2005). The injection of cold 
water into the reservoir may activate the thermal contraction of 
the rock either on pre-existing fractures, facilitating the slip, or 
generating new fractures (Majer and Paterson, 2007a). Poroelastic 
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stressing is proposed as a production induced mechanism due 
to the reservoir contraction by the extraction of steam. Source 
information of both induced and tectonic micro-earthquakes at 
The Geysers will help constrain the possible mechanisms of the 
induced micro-seismicity, allowing for a more efficient reservoir 
management and a more realistic seismic potential assessment.

In this study, we investigate how micro-seismicity evolves 
within a small crustal volume which surrounds a water injection 
well from 2005 to 2010. We estimate the source parameters of 
micro-earthquakes which occurred before and during the injection 
of water and look for the temporal variations of the micro-earth-
quake source parameters.

Retrieving source parameters of micro-earthquakes such as 
fault radius, stress drop, seismic moment and radiated energy is 
challenging because it requires the analysis of high frequency 
energy which is heavily attenuated as the waves propagate 
throughout the medium. To estimate the source parameters of 
the micro-earthquakes at The Geysers we use three techniques: 
the Empirical Green’s Function (EGF) method, the NetMoment 
method; and the Moment Tensor (MT) inversion method (Minson 
and Dreger, 2008). We use the EGF method, which empirically 
corrects for attenuation and site effects, as a validation tool for 
the NetMoment method, which simultaneously inverts for micro-
earthquake source properties and medium attenuation (Gok et 
al., 2009). The EGF method is of limited application because it 
requires the use of a smaller micro-earthquake with certain char-
acteristics as a medium transfer function, and that EGF earthquake 
is not always available. The NetMoment method is automated and 
particularly useful when dealing with large datasets (Hutchings et 
al., 2010) but carries larger uncertainties in the site and attenua-
tion corrections than the EGF method. We use the MT inversion 
method to obtain full second-order moment tensor solutions. The 
moment tensor gives information on the fracture plane and faulting 
mechanism.  Substantial volumetric components have been found 
for earthquakes in geothermal and volcanic environments (e.g., 
Julian et al., 1998), including The Geysers (Boyd 2011, Ross et 
al., 1996) indicating a tensile component in the mechanism of 
fracture, or with non-planar fault geometries. The volumetric 
component of earthquakes in these environments is possibly as-
sociated with the presence of fluids which perturb the stress field 
and facilitate chemical reactions that alter the frictional properties 
of the reservoir, or with thermal contraction due to reservoir cool-
ing. Most moment tensor inversion methods limit the source to a 
pure shear mechanism, and first motion methods poorly resolve the 
volumetric component, even when the station coverage is good. 
We investigate the source mechanism of the micro-earthquakes 
at The Geysers applying a 3-component full-waveform inversion 
to obtain moment tensors.

Our goal is to characterize the source characteristics of the 
tectonic and induced micro-earthquakes at The Geysers and to 
understand how local stresses change as a result of water injection 
and steam extraction, the most common activities in geothermal 
energy production.

Data

We use micro-earthquake data from The Geysers recorded 
and processed by the Lawrence Berkeley National Laboratory 

(LBNL). LBNL runs a seismic array at The Geysers which con-
sists of thirty 3-component short-period stations that continually 
telemeter digital data sampled at 500 samples per second to a 
central acquisition computer (Majer et al., 2007a). The seismic 
array has been continually recording data since the end of 2003. 
The number of stations increased over the years from an initial 
number of 23 to the current number of 30. The micro-earthquake 
recordings are processed using LBNL’s automated data process-
ing system, designated by Rapid Reservoir Assessment System 
(RRAS; Jarpe et al., 2011, Hutchings et al., 2011). The auto-
mated system simultaneously relocates the micro-earthquakes 
and performs a tomographic inversion. It outputs a catalog with 
micro-earthquake locations, moments and magnitudes, and a 3D-
velocity structure (Vp and Vs) of The Geysers. In this study we use 
the micro-earthquake catalog data and the crustal velocity model 
resulting from the RRAS processing.

Figure 1. Seismicity map of The Geysers from 2003 to 2011. The earth-
quakes (dots) are color coded by year, with more recent earthquakes being 
plotted on top of previous ones. Also shown are the boundary outline of 
The Geysers geothermal field, the location of the seismic stations (black 
triangles), the location of the well-head of the injection well Prati 9 (blue 
triangle), and the rectangular box surrounding well Prati 9 that defines our 
study area. The red star on the inset map indicates The Geysers location 
within the state of California.

In 2003, wastewater from Santa Rosa, CA, started to be di-
rectly injected through a pipeline, with an initial average flux of 
41 million liters per day (Majer et al., 2007a). The micro-seismic 
activity is significant at The Geysers as a result of the geothermal 
exploration. More than 19,000 micro-earthquakes were reported 
in 2006, 99% of which with magnitudes smaller than M2 (Majer 
et al., 2007b). Figure 1 maps the micro-seismic activity at The 
Geysers from 2003 to 2011 and the current LBNL seismic station 
configuration. The good correlation between water injection and 
steam production with increased seismicity is well documented 
at The Geysers (e.g. Eberrhart-Phillips and Openheimer, 1986; 
Smith et al., 2000). We focus our micro-earthquake study to a small 
volume which contains the injection well Prati 9 and the micro-
earthquake cloud induced by water injection (Figure 1). Prati 9 is 
located in the NW region of The Geysers. It was drilled in 1983, 
explored as an injection well for a few years from 1989 to 1990 
and from 1991 to 1996, and plugged and abandoned in 2001. It 
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was re-opened in 2007, cleaned and drilled deeper (from 8972.7 to 
9647.2 feet deep relative to the top of the Kelly bushing, which is 
30 feet above the ground). Injection of water started in November 
2007 and is ongoing (as of May 2011). There was no injection in 
nearby wells, so that the micro-seismicity cloud is solely induced 
from water injection in Prati 9. In April 2010 Calpine started in-
jecting water in Prati 29, a well located a few hundred meters NE 
of Prati 9. After that, the cloud of micro-earthquakes induced by 
water injection in both wells becomes indistinguishable. Because 
of this, we only study micro-earthquakes which occurred up to 
April 15 2010, so that we can understand the spatial and temporal 
evolution of micro-seismicity due to the injection of water at one 
single source.

Correlation of Micro-Seismicity  
with Water Injection Rate

Figure 2 shows the spatial and temporal variation of micro-
seismicity inside our study volume which contains the injection 
well Prati 9 and extends into the deep zone. An increase in micro-

seismicity bellow the bottom hole of the injection well is observed 
as soon as injection starts in November 2007. A small cloud of 
micro-earthquakes develops bellow the bottom of the well and is 
maintained throughout the injection period. It has a oval shape, 
vertical elongated with about 1.5 km of vertical length by 1 km 
x 1 km of lateral length. Most micro-seismicity prior to injection 
is shallower than the bottom of the well. Most of the micro-
earthquakes that occurred in 2006 are aftershocks of a M3 which 
occurred adjacent to our study volume on May 12. The aftershock 
activity occurred mostly within 2 days of the mainshock.

We find good correlation coefficients of 91% and 87% between 
the number of induced micro-earthquakes located inside the study 
volume and the monthly water injection-rate, and between the 
number of micro-earthquakes and the gross volume of injected 
water, respectively (Figure 3). Both cross-correlation coefficients 
have a zero time lag, indicating that the seismic response to water 
injection is less than a month time.

To quantify the change in micro-seismicity due to the injection 
of water, we calculate the Gutenberg-Richter relationship for the 
micro-earthquakes which occurred within the whole study volume 
before injection started and within the volume bellow the High 
Temperature Zone during the injection period (Figure 4). We find 
the a-value in the Gutenberg−Richter relationship, which cor-
responds to the expected cumulative number of earthquakes of 
magnitude larger or equal to zero for a complete catalog increases 
from 2.9 to 5.1, reflecting the onset of induced micro-seismicity. 
We find the b-value in the Gutenberg−Richter relationship, which 
equates the proportion of small earthquakes to large ones, in-
creased from 1.3 to 1.6 with the start of water injection, indicating 
an increase of the number of small earthquakes relative to larger 
earthquakes due to reservoir stimulation.

So, there is an increase in micro-seismicity, particularly of 
earthquakes with magnitudes smaller than two. We investigate the 
spatial distribution of the micro-seismicity and its relationship with 

Figure 2. 3D view of the spatial distribution of the micro-seismicity at the 
Northwest Geysers in a volume surrounding the injection well Prati 9, 
by year, from January 2005 to April 2010. The black line shows the well 
depth profile. X, Y and Z are in km, and zero (the center of the coor-
dinate system) is positioned at the bottom of the well. The sizes of the 
micro-earthquake circles are determined by their magnitude, which vary 
from M0 to M3. The different geological structures within the volume are 
identified by different colors. The profile was made based on a geological 
map supplied by Calpine. The depth of the Granitic Intrusive (Felsite) is 
not known in this volume and was plotted bellow the micro-earthquake 
cloud. Also shown are the temperatures and locations of the Top of the 
Steam and Top of the High Temperature Zone (HTZ) boundaries. Ground 
elevation is 2176 feet above sea level.

Figure 3. Total number of earthquakes per month inside our study volume 
(red line, right axis) and monthly gross volume of injected water in well 
Prati 9 (green line, left axis) and injection rate during the same time period 
(blue line, left axis). The two numbers on the top left correspond to the 
cross-correlation coefficient between the number of earthquakes and the 
injection rate (blue) and the number of earthquakes and the amount of 
injected water (green).
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the injection rate. We also investigate the relative location of the 
>M2 micro-earthquakes within the induced micro-earthquake cloud. 
Figure 5 shows the micro-seismicity distribution by magnitude and 
Figure 6 shows the relative distance of the micro-earthquakes to the 
bottom of the injection well. We can see that M2 earthquakes and 
larger are on average located more distant from the bottom of the 
well than smaller magnitude micro-earthquakes. The larger micro-
earthquakes occur close to the outskirts of the micro-earthquake 
cloud. We recall that the micro-earthquake cloud does not have 
a spherical shape, being more oblong in the vertical direction, 
so the horizontal distances, although corresponding to the cloud 
limits, will have smaller distances when comparing with deeper 
micro-earthquakes within the cloud. The average radius of the 
micro-earthquake cloud also seems to increase with increasing 
volume of injected water, and decrease when less water is injected. 
The number of >=M2 micro-earthquakes also correlates well with 
the volume of injected water. In summary, the micro-earthquake 
cloud expands and collapses depending on the volume of water be-
ing injected, with the larger micro-earthquakes occurring mostly at 
the cloud boundary. We notice that the shape of the earthquake cloud 
is slightly elongated in the SW-NE direction, consistent with the 
preferential alignment direction of micro-cracks found in anisotropic 
studies (Evans et al., 1995; Elkibbi et al., 2005), indicating that 
slip may be being facilitated in pre-existing cracks. The following 
micro-earthquake source parameter study may help shed some light 
on the primary faulting mechanism and on whether new cracks are 
being formed or slip is being accommodated in pre-existing cracks.

Source Methods – EGF and NetMoment

To investigate the source characteristics of the micro-earth-
quakes at The Geysers (e.g., fault radius, stress drop, seismic 
moment and radiated energy) we use two methods: the Empiri-
cal Green’s Function (Mori and Frankel, 1990; Hutchings and 
Wu, 1990); and the NetMoment method (Hutchings, 2002). As 
mentioned in the introduction, we use the EGF method to validate 
the results of the NetMoment method by comparing the source 
parameters results of micro-earthquakes used in both studies. 
We follow the methodology adopted in previous studies for both 
methods (e.g., EGF - Viegas et al., 2010, and Viegas, 2011; and 
NetMoment - Hutchings, 2002), and its application to The Gey-
sers dataset has been already detailed described by Viegas and 
Hutchings, (2010). Here we give just a brief overview of the two 
methods. Both methods are applied in the frequency domain. The 
EGF method uses a small earthquake as a transfer medium, and 
the source parameters are obtained by fitting the spectral ratio 
of the displacement spectra of both earthquakes. First we solve 
for the corner frequency of both large (fc1) and small (fc2) micro-
earthquakes and for the relative long period level of the ratio 
between the two micro-earthquakes (Ω0r) by fitting the amplitude 
spectral ratio (Ωr) using (Abercrombie and Rice, 2005),

Ωr f( )= Ω0r
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Figure 4. Gutenberg-
Richter relationship for 
the micro-earthquakes 
which occurred within 
the whole study volume 
before injection started 
(blue) and within the 
volume bellow the 
High Temperature Zone 
during the injection 
period (red). Black 
dots inside the colored 
circles indicate the line 
points used in the best 
fit regression.

Figure 5. 3D view of the spatial distribution of the micro-seismicity within 
our study volume at the Northwest Geysers, by year, from January 2005 to 
April 2010, color coded by micro-earthquake magnitude.

Figure 6. Time variation of the hypocentral distance of the micro-earth-
quakes within the induced cloud relative to the bottom of the well. The 
micro-earthquakes (circles) are color coded by magnitude. The starts cor-
respond to the monthly gross volume of water injected in the well.
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where f is the frequency, and γ and n are constants (γ = n = 2) that 
controls the shape of the spectrum curvature around the corner 
frequency and the high frequency fall off, respectively. In many 
cases the corner frequency of the EGF micro-earthquake is outside 
of the usable bandwidth, and is indeterminate. In a second step, we 
fix the corner frequency of the micro-earthquake of interest, and 
fit the instrument-corrected displacement spectrum (Ω) solving 
for the long period level (Ω0) and the combined site-specific and 
whole-path attenuation at station i, (κi) using (Boatwright, 1980),

Ω(f)= Ω0exp(−πfκ i )

1+ f
fc

⎛

⎝
⎜

⎞

⎠
⎟

γn⎡

⎣

⎢
⎢

⎤

⎦

⎥
⎥

1
γ . (2)

In the NetMoment method, we simultaneously fit the instru-
ment-corrected displacement spectra at all the stations, solving 
for the corner frequency of the micro-earthquake (fc), the long 
period level (Ω0) and the combined site-specific and whole-path 
attenuation at each station i, (κi). 

In Figure 7 we show the location within our study volume of 
the micro-earthquakes for which source parameters are determined 
with both methods. In figure 8 we show the corner frequency 

measurements for the micro-earthquakes common to both studies 
and all the micro-earthquakes analyzed with the automated Net-
Moment method. We see that the scatter is larger for the corner 
frequencies determined with the EGF method, and also that this 
method limits the magnitude range of the micro-earthquakes that 
can be analyzed. The NetMoment results seem compatible with 
the EGF results, although on the lower bond, and we observed 
constant scaling with micro-earthquake size.

Attenuation Quality Factor

The attenuation quality factor (Q) is calculated from ki, Q = ti/
ki where ti is the travel time of the wave of interest (P or S) from 
the source to the station. Figure 9 shows Q obtained with both 
EGF and NetMoment methods. We can see that similar attenu-
ation values are obtained with both methods, indicating that the 
NetMoment method is accurately correcting for attenuation. We 
observe that Q is not constant with varying hypocentral distance, 
as it is usually observed. This happens because the closest sta-
tions are almost directly on top of the hypocentral locations of 
the micro-earthquakes, and the path traveled by the propagating 
waves is mostly trough the surface layers, where most of the at-
tenuation occurs. At more distant stations, the waves spend more 

time propagating in the deeper layers, where attenu-
ation is weaker. We also observe that the attenuation 
of the P waves is higher than that of the S waves for 
the same hypocentral distances (Qp is lower than Qs), 
which is not usually the case and may be related with 
the presence of fluids.

Figure 9. Attenuation quality factor obtained for P and S waves using the 
EGF method (top) and the NetMoment method (bottom).

Figure 7. 3D view of the location of the micro-earthquakes for which  source parameters 
are determined using both methods – EGF and NetMoment.

Figure 8. Corner frequency measurements for micro-earthquakes at The 
Geysers using two methods – EGF and NetMoment.
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Static Stress Drop

We calculate the static stress drop (∆σ) or stress released by 
faulting from our corner frequency measurements and from the 
seismic moment (M0) values obtained from the RRAS catalog, 
using Eshelby’s (1957) circular static crack solution

, (3)

assuming Madariaga’s (1976) dynamic solution for a circular fault 
model. k is a constant (k = 0.32 for P waves and k = 0.21 for S 
waves) and β is the S wave velocity.

Our results indicate that micro-earthquakes at the Northwest 
Geysers have on average stress drops (mean of 11 MPa) compa-
rable to the ones of natural occurring tectonic earthquakes in the 
region (around 17 MPa).

Radiate Energy

After we validate the NetMoment corner frequency and at-
tenuation corrections, we calculate the micro-earthquake radiated 
energy (ES) for all the micro-earthquakes in the dataset, using the 
NetMoment method. To calculate the radiated energy, we inte-
grate de velocity spectra squared, after correcting for attenuation, 
geometrical spreading, near-surface effect and radiation pattern. 
Figure 10 shows our results plotted together with a compilation 
of studies. We obtain high radiated energy values for the micro-
earthquakes at The Geysers, but still comparable to the values 
obtained for natural occurring earthquakes. The high radiated 
energy values, associated with “normal” stress drop values, in-
dicates that a large part of the energy budget is spent in radiated 
energy and not in generating new surfaces or in friction (heating), 
favoring the hypotheses of slip on pre-existing cracks. The moment 

tensor solution for these micro-earthquakes will provide more 
information in identifying the faulting mechanism.

Moment Tensor Inversion

We started performing the full second-order Moment Tensor 
(MT) inversion, following the method of Minson and Dreger 
(2008). The method allows solving for the standard deviatoric 
component and for the isotropic component. Substantial volumet-
ric components have been found for earthquakes in geothermal and 

volcanic environments (e.g., Julian et al., 1998), 
including The Geysers (Boyd 2011, Ross et al., 
1996), possible linked with the presence of fluids.

Figure 11 shows a MT solution obtained for 
a M3 at The Geysers. This earthquake has can be 
fitted with a double-couple solution (84%) and 
shows a very small isotropic component (3%). 
However the quality of the fit is poor and needs to 
be improved. The analysis is performed at the fre-
quency band of 1 Hz to 2 Hz, the lowest frequency 
for which there is enough signal o model. At these 
frequencies we need to generate Green’s functions 
with a resolution of at least 1 km. We start using a 
one-dimensional (1D) velocity model to generate 
the Green’s functions. We have found differences in 
the amplification of the signal in close by stations, 
due to site effects, not capture by a 1D velocity 
model, and are in the process of identifying and 
selecting the stations with fewer reverberations. 
We are investigating the usefulness of using high-

Figure 10. Radiated energy over seismic moment obtained for all the micro-earthquakes in the 
dataset, using the NetMoment method ploted together with a compilation of other studies.

Figure 11. Full Moment Tensor solution for a M3 earhquake at The Gey-
sers. 9 stations are used in the inversion. The waveforms are band passed 
from 1 Hz to 2 Hz.
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frequency Green’s functions obtained from a high resolution 3D 
local earthquake tomography.

Conclusions

We investigate the source parameters of micro-earthquakes at 
the Northwest Geysers near the injection well Prati 9, before and 
during water injection, from 2005 to 2010, looking for temporal 
and spatial variations.

We find a good correlation coefficient of 91% between 
the monthly water injection-rate and the number of induced 
micro-earthquakes located inside the small volume, with a 
zero time lag, indicating that the seismic response to water 
injection is less than a month time. We find the b-value in the 
Gutenberg−Richter law, which equates the proportion of small 
earthquakes to large ones, increased from 1.3 to 1.6 with the 
start of water injection, indicating an increase of the number of 
small earthquakes relative to larger earthquakes due to reservoir 
stimulation. We find that the volume of the micro-seismicity 
cloud correlates well with the volume of injected water, and that 
most large micro-earthquakes (>M2) occur near the boundaries 
of the micro-earthquake cloud. We notice that the shape of the 
earthquake cloud is slightly elongated in the SW-NE direction, 
consistent with the preferential alignment direction of micro-
cracks found in anisotropic studies, indicating that slip is being 
facilitated in pre-existing cracks.

We utilize three approaches to determine the source parameters 
of the micro-earthquakes; the Empirical Green’s Function (EGF) 
method (Viegas et al., 2010), NetMoment method (Hutchings 
2002), and moment tensor inversion (Minson and Dreger, 2008). 
We validate the NetMoment method by applying the EGF method 
to a common set of 30 micro-earthquakes. Similar measured corner 
frequencies and calculated attenuation quality factors validate the 
NetMoment approach.

Our results indicate that micro-earthquakes at the Northwest 
Geysers have on average stress drops (mean of 11 MPa) compa-
rable to the ones of natural occurring tectonic micro-earthquakes 
in the region (around 17 MPa), similarly to the results of Hough 
et al. (1999), which used a multiple empirical Green’s function 
approach, and found stress drops of 5.5 MPa to 110 MPa for 61 
shallow (<5 km) micro-earthquakes (M0 to M1.5) occurring at 
the Coso Geothermal Area, CA.

We obtain high radiated energy values for the micro-earth-
quakes at The Geysers, but still comparable to the values obtained 
for natural occurring earthquakes. The high radiated energy val-
ues, associated with “normal” stress drop values, indicates that 
a large part of the energy budget is spent in radiated energy and 
not in generating new surfaces or in friction (heating), favoring 
the hypotheses of slip on pre-existing cracks.

We are developing the full MT inversion to better constrain 
the volumetric components so often found for micro-earth-
quakes in geothermal and volcanic environments. We are 
investigating possible 1D and 3D velocity models to gener-
ate Green’s functions at frequencies from 1 Hz to 2 Hz. The 
source information has implications in the understanding of 
the physics of the faulting mechanism and it is useful for the 
assessment of the seismic potential in areas of ongoing geo-
thermal exploration.
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