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Abstract

Microseismicity. stress, and fracture in the Coso geothermal field are investigated using seismicity, focal mechanisms
and stress analysis. Comparison of hypocenters of microearthquakes with locations of development wells indicates that
microseismic activity has increased since the commencement of fluid injection and circulation. Microearthquakes in
the geothermal field are proposed as indicators of shear fracturing associated with fluid injection and circulation along
major pre-existing fractures. High-seismicity zones are associated with the main fluid-flow paths within the geothermal
system. Calculated stress patterns from focal mechanisms provide direct evidence for the boundary between significantly
different stress regimes within the Coso geothermal field. Microseismicity in the Coso geothermal field is spatially but not
temporally related to regional seismicity extending southeast of the field. The spatial distribution of these events defines a
northwest-trending seismic-fracture zone, consistent with a previously defined northwest-striking zone. The abrupt decrease
of seismicity below this fracture zone may provide seismic evidence for the existence of a brittle and ductile transition
zone at shallow depth beneath the Coso geothermal field. @ 1998 Elsevier Science B.V. All rights reserved.
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The Coso area is located in eastern California on
the western edge of the Basin and Range (Fig. I).
The geothermal field is confined to a nearly north-
south-trending zone between Sugarloaf Mountain
and Coso Hot Springs (Duffield et aI., 1980; Bishop
and Bird, 1987). Recent geothermal energy develop-
ment has resulted in more than 90 operating wells
(Wohletz and Heiken, 1992). The production of
geothermal energy is dynamic and involves inject-
ing fluid underground and extracting hot fluid from
neighboring production wells. Transport of injected
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fluid through pre-existing fractures may substantially
change local stress regimes, cause shearing, and in-
duce microseismicity (Pearson, 1981; Comet and
Julien, 1989; Fehler, 1989; Jupe et aI., 1992).

A joint effort of seismological monitoring at the
geothermal field, using a 16-station Digital Seismic
Network, is being conducted by the Geothermal Pro-
gram Office of the Naval Air Weapon Station and
the California Energy Company, Inc. From 1991
to 1995, more than 20,000 microearthquakes were
recorded by the Digital Seismic Network. The inten-
sive microseismic activity indicates an active fractur-
ing process that can be associated with the injection
and circulation of fluids within the geothermal sys-
tem. Locations of fracture zones and knowledge of
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Fig. 1. Generalized map of the Coso geothermal field and the vicinity, including major faults (short lines) and late Cenozoic domes
(closed lines), the seismic stations (triangles) of the Coso Digital Seismic Network, and development wells (circles). The box outlines the
principal geothermal area. CGF = Coso geothermal field; CHS = Coso Hot Springs; SM = Sugarloaf Mountain.

the predominant orientation of fractures are vital for
understanding fluid flow and heat exchange within
the geothermal system.

Induced microseismicity is primarily associated
with shear failure along pre-existing fractures due
to pressurized pore fluids (Pearson, 1981; Fehler,
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1989) that are oriented with respect to ambient stress
(Fehler, 1989; Jupe et aI., 1992). It is possible to
determine the local state of stress and orientation
of pre-existing fractures which can subsequently be
used to determine main fluid-flow paths within the
geothermal system (Fehler, 1989). In this paper we
use seismic data to estimate the present state of stress
in the Coso geothermal field and its vicinity, and to
infer orientations of major fracture zones associated
with geothermal fluid transport.

2. Geologic setting and regional seismicity

{

, - . I

The Coso geothermal field is characterized by
the presence of a variety of late Cenozoic volcanic
rocks. Recent lava flows and rhyolite domes overlie
a basement complex of late Mesozoic plutons and
metamorphic rocks extensively exposed iwthis area
(Duffield et aI., 1980). The geothermal field con-
tains three major sets of faults believed to be control
structures for subsurface hydrothermal fluid circu-
lation (Roquemore, 1984; Bishop and Bird, 1987).
The first set consists of dextral strike-slip motion
trending west-northwest and is well developed to the
south and northwest of the geothermal field (Fig. 1)
(Duffield et aI., 1980; Roquemore, 1984). The sec-
ond set includes normal faults striking north to north-
east and is well developed throughout the geothermal
field (Fig. 1). The third set comprises northeast sinis-
tral strike-slip motion trending northeast from the
geothermal field (see Roquemore, 1984).

The Coso region is one of the most active seis-
mic areas in southern California with a regional
stress state of north-south compression and east-
west extension (Walter and Weaver, 1980). Using
4216 seismic events with magnitude from 0.5 to 3.9
(1975-1977), Walter and Weaver (1980) showed that
active seismic zones strike radially outward from
the Pleistocene rhyolite field, and most earthquakes

locate at depths of 1 to 8 km in a zone with approx-
imate northwest orientation. Within the geothermal
area, fault-plane solutions exhibited mainly normal
faulting trending north-northeast with a small com-
ponent of strike slip (Walter and Weaver, 1980).
From 1981 to 1994, more than 5000 earthquakes
with magnitudes from 0 to 4 have been recorded by
the Southern California Seismic Network (SCSN),
operated by CalTech and the u.S.G.S.,indicating

continuous, active east-west extension in this re-
gion.

Geochemical analyses of production fluids and
fluid inclusions show that flow emanates from the
deeper sections in the southern part of the field and
shoals towards the north (Moore et aI., 1989). Sur-
face exposures of vents and fumaroles are evident
at Coso Hot Springs (Fig. 1) northeast of the main
producing field. In the southern production wells,
temperatures exceeding 300°C are common at 1.5-2
km depth, whereas the northern wells produce from
shallower depths (0.5-1.0 km) and at lower tempera-
tures «250°C). Steep gradients of Cl concentrations
and CO2 also delineate southern versus northern
production in the field.

3. Seismic data and data processing

Two seismic data sets, Coso Geothermal Data
(CGD) and CalTech Data (CITD), were analyzed in
this study. The CGD was obtained by the Coso Digi-
tal Seismic Network from July 1991 to January 1995
and includes more than 20,000 microearthquakes
concentrated in the geothermal field. CITD was ob-
tained by SCSN (Southern California Seismic Net-
work) from December 1981 to March 1994 and
includes more than 5000 local and regional events
distributed in the Coso vicinity. All events were relo-
cated with a one-dimensional, layered, Coso regional
velocity model (Table 1) and all events with less than

TableI
Coso regional velocity model

The I-D velocity model is derived by simple travel-time inver-

sion using constraints from well-log data and vertical seismic
profiles (P. Malin, Duke University, pers. commun., 1994).
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P-depth (km) P-velocity (km/s) S-velocity (km/s)

0.0 1.82 1.05
0.09 2.76 1.59
0.15 3.67 2.12
0.31 4.34 2.50
0.52 5.0 2.90

1.22 5.32 3.07
2.44 5.58 3.22
3.66 5.77 3.33
5.48 5.99 3.46

12.19 6.05 3.49
15.00 7.20 4.15
18.28 8.00 4.62
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Fig. 2. (a) Spatial distribution of seismicity from the Coso Digital Seismic Network (plus signs) and SCSN (diamond signs) used in this

study. NWC, RV, SC, and SEC denote the 4 seismic zones, and COSO denotes the Coso geothermal field. The dashed box with line
indicates the position of the A-A' vertical section. (b). Detailed map of the principal geothermal area outlined by COSO with index of
the six seismic zones, COSO-N, COSO-C, COSO-NE, COSO-NW, COSO-SW, and COSO-SE. B-B' and C-C' denote the positions of
the vertical sections.
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Fig. 2 (continued).
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eight first P-wave arrivals were excluded. For this
study, 2967 high-quality events were selected from
CGD and CITD for comparison of seismicity, focal
mechanism analysis, and stress analysis (Fig. 2a).

To facilitate comparison of spatial variations of
microseismicity, focal mechanisms, and stress orien-
tations, we divided the Coso area into ten zones
according to spatial concentrations (cluster pat-
terns) of seismic activity (Fig. 2). Zones labeled
NWC, RV, SC, and SEC are regional clusters where
as COSO-N, COSO-C, COSO-NE, COSO-NW,
COSO-SE, and COSO-SW are clusters within the
geothermal field (Fig. 2b). Events within a single
zone are presumably influenced by similar stress
regimes and should possess correspondingly similar
focal mechanisms (Comet and Julien, 1989; Castillo
and Zoback, 1995). A standard grid-search program
called FPFIT (Reasenberg and Oppenheimer, 1985)
was used to calculate focal mechanisms for these se-
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lected events. Stress inversion (Michael, 1984) was
applied to each focal mechanism subset to deter-
mine local stress in each zone. The inversion scheme
determines the orientation of three principal stress
axes and the stressratio (cp)by minimizingthe mis-
fit angle (f3) betweenthe directionof the predicted
shear stress on the fault plane and the observed
slip direction on each plane determined from focal
mechanisms. The stress ratio measures the relative
magnitude of three principal stresses, Sl (most com-
pressive), S2, and S3 (most extensive), using this
equation:

cp= S2 - S3

The stress ratio varies from 0 to 1, where a ratio of
0 represents compression compensated by isotropic
extension in the plane normal to S1 and a ratio of
1 indicates extension compensated by isotropic com-
pression in the plane normal to S3 (Seeber and Arm-
bruster, 1995). The 95% confidence limits for the
orientations of the principal stresses were calculated
using a bootstrap resampling technique (Michael,
1987a,b) by assuming that 10% of the selected slip
planes were picked incorrectly.

4. Induced microseismicity

Hypocenter locations of selected events in the
Coso geothermal field and vicinity are shown in
Fig. 2. Except for events in Rose Valley (RV),
most earthquakes in the Coso region are located
within a zone that strikes approximately northwest
through the geothermal field along cross-section A-
N (Fig. 2a). Focal depths of these events increase
with distance from the geothermal field and extend
northwest and southeast, forming a continuous seis-
mic zone (vertical section A-A' in Fig. 3), consistent
with the northwest-striking seismic zone defined by
Walter and Weaver (1980). Hypocenters within the
geothermal field are shallower and denser than those
in the outlying regions (Fig. 2a, Fig. 3). Tight clus-
ters of seismic events are prevalent near geothermal
boreholes (Fig. 2b, and vertical sections B-B' and
C-C' in Fig. 3), consistent with mapped zones of
high fluid-flow entries in production wells (Bishop
and Bird, 1987). The spatial and temporal distribu-
tion of microseismicity in the Coso region suggests
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that events in the geothermal field are associated
with fluid injection and circulation (1. Copp, Califor-
nia Energy Co., pers. commun., 1994).

In the spring of 1992 a relatively large event was
recorded west of the geothermal field near the Sier-
ran front in Rose Valley (RV). Nearly all events in
RV were recorded during the intense period of ac-
tivity following the 1992 RV mainshock. This seis-
mic sequence occurred alo_nga north-south-trending
fault and was not associated with geothermal activity
(Roquemore and Simila, 1994).

The CITD and CGD data sets can be compared
using histograms to clarify the temporal distribu-
tion between local microseismicity in the geothermal
field and long-term regional seismicity (Fig. 4). Vir-
tually no correlation between the two data sets for
the same time period (Fig. 4b) is observed (correla-
tion coefficient = 0.2). The large increase of events
in CGD since September 1992 may be a result of
the improved recording in the Coso Digital Seismic
Network. The high seismic rates in CITD wq~ pri-
marily due to mainshock-aftershock sequences of
the Mammoth Lakes (M 6.2, 11/23/84) and Rose
Valley events (M 4,2/19/92) (Roquemore and Sim-
ila, 1994). The CGD set has a higher microseismic
rate than CITD after the improvement of record-
ing capability of the Coso Digital Seismic Network.
There was no apparent increase of seismicity in ei-
ther data set immediately following the 1992Landers
earthquake sequence.

A recent, moderate-sized event (M 5.0) was
recorded in the Coso Geothermal region east-north-
east of the producing field on 11/27/96 (Jim Mori,
USGS, SCEC commun., 1994). Based on prelim-
inary analysis, the event appears to have north-
east and northwest nodal planes with aftershocks
located along northeast-southwest orientation. Nu-
merous aftershocks have been recorded on the mi-
croearthquake network, but these have not been cat-
alogued or interpreted at the time of this writing.

'"
OJ
:;:
B0)
8
0..0"
~

'0
0)

-5
"-<
0
'"
0)
lC
0....0..
-5
.~
U

I
U
'0
c::'"

~
I

.0

~
I

<e
C/O

c::
.S
U
~
ca
.g

~
'"
ob
~

5. Focal mechanism and stress

We obtained 2967 single-event, upper-hemisphere
focal-plane solutions for earthquakes located in the
Coso geothermal area and its vicinity. Average un-
certainties of strike, dip, and rake, are 13°, 14°, 18°,
respectively, for focal mechanisms in CGD, and 13°,

"c::;;:-- ... ---
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25°, 29°, respectively, for those in CITD. For each
zone, focal mechanism P-axes were projected to a
focal sphere, within which concentrations of P-axes
are represented by graduated gray shades (Fig. 5).
Stresses calculated from focal-plane solutions in the
ten zones are summarized in Table 2 in terms of their
eigenvalues,eigenvectors,and stressratios (<p).The
orientations of the principal stresses and associated
confidence limits with the stress axes are illustrated
in Fig. 5.

The orientation of focal mechanisms and stress

ellipses indicates approximate north-south compres-
sion and east-west extension along the northwest-
trending seismic zone, consistent with previously
inferred stress patterns in the Coso region (Wal-
ter and Weaver, 1980; Bacon et aI., 1980; Roque-
more, 1980, 1984). Within this setting, significant
variations in focal mechanism and stress may be
attributed to localized orientations of active faults
and fracture zones. At the center of the geothermal
field, including COSO-NE, COSO-C, COSO-NW,
and COSO-SW (Fig. Sa), concentrations of P-axes
and the maximum compressive stresses (51) are con-
sistent and tend to be vertical, except at COSO-SW,
which exhibits a maximum compressive stress (51)
in the horizontal direction. North and southeast of
the principal geothermal area, including COSO-N,
COSO-SE, SC, and SEC (Fig. 5b), the maximum
compressive stresses are primarily horizontal, in
contrast to COSO-NE, COSO-C, and COSO-NW,
and oriented north-northeast with varying strikes
(Fig. 5b). Note the dispersion of P-axes concentra-
tions as a result of the scattering of events over a
large area. For all the eight zones, the stress ratios
range from 0.69 to 0.86, indicating that the magni-
tude difference between 51 and 52 has decreased in
the principal geothermal field.

The RV aftershocks have a sharp peak in con-
centration of P-axes and stress patterns (Fig. 5c),
which can be attributed to the similarity of the focal
mechanisms of the aftershocks to the focal mecha-
nism of the 1992 (M = 4) Rose Valley event. The
mapped fault for this sequence strikes approximately
north-south, consistent with the calculated stress
pattern in Fig. 5c. The stress ratio of RV is 0.53,
which also indicates a well constrained strike-slip
faulting. NWC, located northwest of the geothermal
field, has a horizontal 51 trending nearly north-south
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:a)and
(Fig. 5c). Stress ratio for this zone is 0.4, similar to
that of RV, suggesting the continuity of the com-
pression stress west and northwest of the principal
geothermal field.

6. Fracture zones and seismicity

Several studies outside the Coso area have ob-
served a relationship between microseismic activity

= --
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and fluid flow in geothermal settings. From micro-
seismic locations and hydraulic and geochemical
analyses, Jupe et al. (1992) reported that structure
defined by microseismicity in the Fjallbacka, Swe-
den, reservoir is the primary fluid path. Comet and
Scott (1993) showed that locations of microseismic
events induced by fluid injection at Le Mayet De
Montagne are strongly associated with major frac-
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Fig. 5 (continued).

ture zones. In the Coso geothermal field, highly
fractured zones have been identified by high fluid-
flow entry zones in development wells (Bishop and
Bird, 1987). Surface and subsurface hydrothermal al-
terations near these fractured zones demonstrate the
circulation of hydrothermal fluids in the geothermal
system (Bishop and Bird, 1987). Comparing zones
of hydrothermal alteration and steam-water entries
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encountered in drillholes with locations of micro-

seismic clusters and surface faulting, we suggest that
induced microearthquakes in the Coso geothermal
field are aligned along, and can be attributed to, pre-
existing fractures, Heat-flow studies provide further
evidence for a correlation of fracture and microseis-
micity, where high heat-flow contours parallel the
outer extent of active microseismic clusters observed
at Coso (Combs, 1980). Finally, analysis of micro-
seismic doublets and multiplets (similar events) in
the Coso geothermal field shows a strong temporal
and spatial correlation with injection and production

--

wells suggesting that microseismicity and fluid flow
are, at least in some cases, strongly coupled (Lees,
1995).

7. Discussion

Microseismicity associated with fluid injection
and circulation has been observed in many hot-rock
geothermal energy sites (Pearson, 1981; Cash et aI.,
1983; Fehler, 1989; Comet and Julien, 1989; Jupe et
aI., 1992; Comet and Scott, 1993). The mechanism
of fluid injection and circulation that induces frac-
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Table 2

Summary of stress-inversion results

Zone Component Eigenvalues Vectors Stress ratio

East North Up

NWC 51 -1.06 0.05 0.94 0.34 0.40
53 0.94 -1.0 0.04 0.03
52 0.12 0.12 -0.34 0.93

SC 53 1.15 0.99 -0.17 0.026 0.70
51 -0.88 0.16 0.96 0.21
52 -0.27 -0.06 -0.20 0.98

SEC 53 1.27 0.98 -0.17 0.0 0.86
51 -0.78 0.15 0.91 0.39
52 -0.49 -0.07 -0.38 0.92

RV 53 1.03 -0.86 0.50 0.08 0.53
51 -0.99 0.50 0.86 0.09
52 -0.04 0.03 -0.12 0.99

COSO-N 53 1.01 -0.98 0.0 0.17 0.69
51 -0.79 0.09 0.87 0.48
52 -0.22 0.15 -0.48 0.86

COSO-NE 53 1.27 0.95 -0.17 0.26 0.77
52 -0.39 -0.28 -0.81 0.52
51 -0.88 -0.12 0.57 0.82

COSO-C 53 1.0 0.94 -0.29 0.18 0.70
?

52 -0.23 0.13 0.79 0.60
51 -0.78 -0.31 -0.54 0.78

COSO-NW 53 0.82 0.91 -0.35 0.21 0.7
52 -0.19 0.31 0.93 0.18
51 -0.62 -0.26 -0.1 0.96

COSO-SW 53 0.77 0.95 -0.31 0.02 0.7
51 -0.59 -0.31 -0.95 0.08
52 -0.18 0.0 0.08 1.0

COSO-SE 53 1.09 0.89 -0.42 0.17 0.8
51 -0.72 0.39 0.91 0.16
52 -0.36 -0.21 -0.08 0.97
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tures can be explained by theories of effective stress
and Coulomb-Mohr shear failure (Scholz, 1990).
Fluid injection increases pore pressure and reduces
effective stress, resulting in hydrofracturing and in-
ducing microseismicity. For the case at Coso, where
the vast majority of the wells produce from flows
through pre-existing fractures (F. Monastero, Navy
Geothermal Program Office, pers. commun., 1994),
fluid injection and circulation probably results in
local stress perturbations and activation of shearing
along the major pre-existing fractures.

Calculated stresses from focal mechanisms help
to detail the variations of localized stresses and
identify a transition from a transtensional regime in
the principal geothermal area to a transpressional
regime southeast and northwest of the geothermal
center (Figs. 6 and 7). The stress transition in the
geothermal field generally coincides with the spa-
tial distribution of major faults as illustrated by the
correlation of 51 with mapped faults. COSO-NE,
COSO-C, and COSO-NW each have large, vertical
51 components (Figs. 6 and 7) that lie along nor-
mal fault zones trending north-northeast. COSO-N,
COSO-SE, SC, and SEC have large horizontal 51
components aligned along mapped northwest-strik-
ing faults (Fig. 7). The correlation of mapped faults
with calculated stress distributions suggests that ori-
entations of the pre-existing fractures are consistent
with the surface-mapped faults. COSO-SW, how-

0.9

0.8

5
1:) 0.7
CD>,.. 0.6
I1J

~ 0.5

Gi 0.4>

(,)
W
I1J

W
I1J
6
I1J
0
(,)

~z
6
I1J
0
(,)

0.3
w
z
6
I1J
0
(,)

(,)
I1J

0.2 (,)

~
z

z
6
I1J
0
(,)

(,)

6
I1J
0
(,)0.1

NW SE

Fig. 6. Spatial variation of vertical 51 eigenvectors northwest
to southeast along the northwest-trending seismic zone. Note
that the COSO-SW cluster has the smallest 5 I component,
significantly different from adjacent COSO-NW.

ever, shows a very small vertical 51 component
(Fig. 6), though it is located immediately adjacent to
COSO-NW and normal fault zones which apparently
trend north-northeast.

A similar stress variation to the above was ob-
served at Fenton Hill Hot Dry Rock Geothermal Site
(Cash et aI., 1983). Cash et ai. (1983) reported that
51 changed considerably from horizontal orientation
in the deeper reservoir (about 1-1.5 km) to vertical
orientation in the upper reservoir (about 0.5 km).
They suggested that the transition from horizontal
to vertical orientation was caused by a subsiding
magma chamber under Valles Caldera, where the
lower reservoir is closer to the Caldera rim. The sub-

siding magma chamber can cause anomalously large
horizontal stresses due to arching in rocks overlying
the chamber (Cash et aI., 1983). This does not apply
at Coso, where COSO-NW and COSO-SW are both
located close to the magma source that is presumed
to be several kilometers beneath this region. Effects
of topography, overburden, and variation of heat
gradients within the geothermal field provide alter-
native mechanisms for the observed stress transition
between COSO-NW and COSO-SW. Meertens and
Wahr (1986) showed that surface slopes tend to ro-
tate maximum compressive stress away from vertical
towards the orientation of the sloping ground surface,
and a thick surface overburden tends to increase the
normal stress component. For the effects of thermal
stress, Batzle (1978) pointed out that increasing tem-
perature can cause fluid pressure in isolated pores to
increase a sufficient amount to cause either widening
of pre-existing fractures or failure of rock in the
direction of greatest principal stress. However, the
close proximity of COSO-NW to COSO-SW would
appear to preclude these physical mechanisms for the
apparent source of variation within each respective
stress field.

COSO-SW and COSO-NW are in close spatial
proximity although they differ significantly in their
respective stress orientation. The difference may be
attributed to structural variations where each cluster
occurs in a geologically isolated block. Variations
in seismic-wave attenuation observed in this region
(Wu and Lees, 1996), where COSO-NW has low Q
quality factor (high attenuation) compared to high Q
seen in COSO-SW seem to support the observation
that these are structurally separate zones. High heat-

--~--
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IQ

flow gradients between the two clusters (Combs,
1980) further supports the separation of these clus-
ters into two separate stress regimes, The geochemi-
cal analyses of production fluids and fluid inclusions

n
1-

-----

indicate that the COSO-SW cluster is located in a
region of concentrated Cl and CO2, which drop off
significantly in the COSO-NW zone (Moore et aI.,
1989). The variations of geophysical, geochemical
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Seismicity of Coso-Ridgecrest Area 1981-1995
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and geothermal properties all point to a significant
difference between zones where seismicity concen-
trates in this part of the field, and the fact that
stress perturbations differ between COSO-SW and
COSO-NW is not entirely unreasonable. Perhaps
a concentrated effort to isolate anisotropic veloc-
ity anomalies near COSO-SW will provide further
support for stress partitioning in the field.

The NWC cluster, located near the boundary be-
tween Pliocene vents and Pleistocene vents, and the
RV cluster, located in Rose Valley,each show similar
faulting styles yielding low stress ratio values. The
NWC and RV clusters may share a common seis-
mogenic fault, that outlines the Pleistocene rhyolite
field from surrounding volcanic rocks to the west
and northwest. We note that microseismicity in the
vicinity of the Coso geothermal field shares common
characteristics with regional seismicity along the
Coso-southern Sierra Nevada seismic zone (Fig. 8).
It has been suggested that the 1982 M 4.9 event was
an active extension of the Little Lake fault south of

the Coso area (Roquemore and Simila, 1994). The
northwest-trending seismic zone in the geothermal
region may extend southward into Indian Wells Val-
ley east of the Little Lake fault zone. The spatial
continuity of the seismicity may suggest a struc-
tural connection between the southward-extending
seismicity and tectonic seismicity observed in the
Coso geothermal field. We speculate that correlated
stresses distribute, as represented in the focal mecha-
nisms, along the full extent of the seismic zone. The
recent 1995.8.17M 5.4 and 1995.9.20 M 5.8 Ridge-
crest earthquake sequences (Fig. 8) are the latest
events which fit the northwest-striking pattern de-
scribed above as indicated by the focal mechanisms
of the earlier M 5.4 earthquake and its two (M > 4)
aftershocks as well as the M 5.8 earthquake and its
two moderate-sized aftershocks (M > 4).

From detailed studies of late Cenozoic volcan-

ism, geochronology and structure in the Coso Range,
Duffield et al. (1980) suggest that the Coso geother-
mal system is sustained by heat from a crustal silicic
magma reservoir that has existed for at least the last

0.3 m.y. at a depth of more than 10 km. Wu and Lees
(1996) reported a broad, low Q region below the
principal geothermal field, consistent with the depth
of the aseismic zone outlined in this study. We spec-
ulate that the abrupt decrease of seismicity below
this fracture zone provides direct seismic evidence
for the existence of a brittle and ductile transition

zone at shallow depth beneath the Coso geothermal
field.

8. Conclusions

There is a direct correlation of microseismicity
with geothermal fluid injection and circulation at
the Coso geothermal field. High-seismicity zones are
indications of high pre-existing fracture zones and
associated main fluid-flow paths within the geother-
mal system. Stress patterns calculated from focal
mechanisms show a sharp transition from transpres-
sional regimes in surrounding areas to transtensional
regimes in the central area of the geothermal field.
The stress transition defines the boundary between
significantly different stress regimes within the field.
The boundary correlates with observed spatial vari-
ations of heat flow, seismic attenuation, and geo-
chemical analyses. We conclude that stress regimes
potentially represent separate blocks which differ ge-
ologically from north to south and these are indicated
by variations of stress orientation.

Microseismicity in the Coso geothermal field is
spatially but not temporally related to regional seis-
micity that extends to the southeast. The spatial
distribution of these microseismic events defines a
seismic-fracture zone trending northwest, consistent
with a previously defined northwest-striking seismic
zone.
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