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ABSTRACT 

·Analysis of both co~pressional (P) and shear 
(S) waves from a recent large mine blast indicate 
seismic anomalies associated with the Coso Geother
mal Area in California. Five, short-period, high
gain, three-component and three,single-component, 
magnetic-tape recording seismographs were deployed 
in a fan configuration 100 km from the mine blast 
of October 26, 1976 located at 36"09.40'N and 117" 
]!, • SO'W. Relative P-lvave delays were observed on 
ray paths which passed south of the surface mani
f~atations and zone of high heat flow associated 
with the Coso Geothermal Area. The P delays and 

·the strong ~ttenuation of higher frequency P and S 
~aves infer the existence of an extensive body of 
luw velocity material at depth in the area north of 
Ai··port Lake and southeast of Volcano Peak, the 
youngest volcanics in the area with a K-Ar age of 
ahnut 0.04 m.y. These travel-time delays and seis
nlc attenuation suggest the possibility of a deep 
!Mgma chamber which has provided the most recent 
~aRaltic and rhyolitic rocks and continues to func
tion as a· heat source for the Coso geothermal 
•y,tem. 

ISlRODUCTlON 

The Coso Range, California (Fig. 1) has been 
rrcognized for a number of years as a geothermal 
•rra (Combs and Rotstein, 1976). Obvious surface 
u.~nifestations of an anomalous concentration of geo
thermal resources include weak to moderate fumarolic 
activity, intermittently active hot springs, and 
~rtr.<>ciated hydrothermally altered rocks. Closely 
related evidence of a·geothermal anomaly is pro
vided by extensive late Cenozoic volcanism, in
rluding a cluster of thirty-~even rhyolite domes 
vhich are indicative of recent shallow intrusion of 
~1~ma beneath the area. 

Geologic mapping by Duffield· (1975) has shmvn 
lh~t the youngest volcanic rocks and associated 
lu~aroles lie at the center of a 50 km wide ring 
(au l t structure which is superimposed on regional 
fault patterns. Duffield (1975) interpreted this 
otructure as reflecting an underlying magma/thermal 
4n.JID.1ly, with the late Cenozoic volcanics providing 
~vld•·nce of such magma. The youngest K-Ar age 

·(Lanphere, et al., 1975) determined on the rhyo
litlr domes was 0.041 m.y. for Sugarloaf Mountain 
vhich is located at the virtual center of the ring 

·fault structure, the center of the silicic dome 
field, and is adjacent to Devils Kitchen, one of 
thr major fumarolic areas. The most recent basalt 
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Figure 1. Location map showing configuration of 
stations that recorded Revenue Canyon 
event. Contours in north central part 
of map represent the heat flow anomaly 
over the Coso Geothermal Area. 

flow, located near Volcano Peak at the southern 
end of the rhyolite domes, has been dated at an age 
of 0.038 m.y. (Lanphere, et al., 1975). Combs 
(1976; and unpublished data) found that heat flow 
(Fig. 2) is generally high through the dome field, 
with values ranging from about 2 HFU (heat flow 
units) to greater than 15 HFU compared with the 
Horldwide average of about 1.5 HFU. · The highest 
heat flow values occur near Sugarloaf Hountain 
whereas the heat flow near Volcano Peak is less 
than 3 HFU. 

Seismic data can provide additional evidence 
for determining the existence of a magma chamber 
underlying the Coso Geothermal Area. Increased 
subsurface temperatures in the vicinity of active 
volcanoes and geothermal areas are known to cause 
seismic wave travel time and attenuation anomalies 
(e.g., Matumoto, 1971; Steeples and Iyer, 1976; 
Hadley, et al., 1976). Since the depth of penetra
tion for seismic body Haves is determined by the 
distance between the source and observation point, 
the three-dimensional velocity structure of the 
subsurface can be obtained by varying the azimuth 
and distance betHeen the source and receiver. 

A modification of the refraction method, known 
as fan shooting, can be used to find anomalous 
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Figure 2. Observed heat flow at the Coso Geothermal 
Area (Combs, 1976; and unpublished data) 
contoured in units of HFU (1 IIFU = 1 x 
10- 6 cal/cm2-sec = 41.8 mlol/m2). 

subsurface structures. In this method, the travel 
times for paths of equal lengths are compared. The 
velocity of seismic Tvaves in geothermal (high temp
erature) areas can be much less than that in the 
subsurface material surrounding the geothermal a
nomaly.- Therefore, a wave which has passed through 
a geothermal area could have a significantly lower 
average velocity than a wave traveling the same 
distance in a nearby area where anomalous high 
temperature phenomena are not present. In addition, 
it is to be expected intuitively that attenuation 
incteases with increasing temperature, though there 
is very little observational evidence. Therefore, 
the relative attenuation of seismic waves along the 
different ray paths could be used to infer anomalous 
subsurface temperatures. 

RESULTS AND DISCUSSION 

A large mine shot, located in Revenue Canyon at 
36" 09.40'N and 117"24.50'\o/ (Shot Point, Fig. 1), 
was exploded on October 26, 1976. In order to re
cord the event, five, short-period, high-gain,· 
three-component and three, single-component, mag
netic- tape recording seismographs were deployed in 
a -fan ~onfiguration (Fig. 1) at a distance of 100 km 
from the shot point. The shot time was interpolated 
to ±0.03 sec from a seismic record obtained at the 
shot point. P-wave and S-rvave arrival times 1vere 
determined to ±0.05 and ±0.10 sec, respectively. 
The field data Tvere recorded in analog form, then 
digitized at 100 samples/sec for subsequent computer 
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processing. 

Seismograms for the five, three-component, and 
the single-component station at 6A are illustrated 
in Figure 3. Because of low signal-to-noise level 
and instrument failure, usable seismograms were 
obtained at only six (1, 3, 4, 6A, 6 and 7) of the 
eight recording stations. The top trace on each 
record consists of a series of 1-sec time marks 
produced by an internal clock. The second trace 
is the vertical component of ground motion; while 
the third and fourth traces are the orthogonal 
horizontal components of ground motion. The hori
zontal seismometers failed at station 1 and the 
seismogram presented on the third trace is a 5-15 
Hz bandpass filtered version of the vertical com
ponent of ground motion. 
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Figure 3. Seismograms of the Revenue Canyon event 
obtained at six of the recording 
stations. 

Travel-times from the shot point to each sta
tion for both compressional (P) and shear (S) Tvaves 
were determined. In order to examine the possibil
ity of relative travel-time delays along the sepa
rate ray paths, the observed times at stations 1, 
3, 4, 6, and 6A were compared with the times at 
station 7. Station 7 TVas chosen as the standard 
because the ray path from the shot point lies en
tirely outside the Coso ring structure defined by 
Duffield (1975). The high signal-to-noise ratio 
and apparent lack of attenuation to station 7 pro
vided the best P- and S-wave times. Relative P
wave delays.of at least 0.2 sec TVere observed on 
stations 6 and 6A, whereas the other three stations 
did not exhibit significant P-wave delays. However, 
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the high nolsr· l<·vr•l nt stilt ion t, mnde It extn•ml'ly 
dlffll'ult to dl'tr•rudill' th<• flr:;l s1vlng of th<• I' 
wave. As can be seen from Figures 1 and 2, these 
travel-time delays were observed on ray paths which 
passed south of the surface manifestations and z-one 
of high heat flo1v associated with the Coso Geother
mal Area. 

Time segments of 2.5 seconds for both P and S 
phnses obtainr•d on eneh seismic ehannel wt•rt• sub
jected to spectral analysis. A sta~dard 256-point 
Fast Fourier Transform routine with a 3-point llam
ming-Tukey 1vinrlow (Robinson, 1967) applied in the 
f-requency domain resulted in the relative p01ver 
versus frequency spectra sh01vn in Figure 4. A 
dashed line has been drawn at 10 Hz to enhance the 
cdmparison of these spectra. From Figure 4, it can 
been seen that the dominant frequencies of both P 
and S phases are shifted to lower values for the 
inner stations (3, 4, 6A and 6). In addition, the 
frequency content above 10 Hz is significantly at
tenuated for the inner stations when compared with 
the outer stations (land 7). The S-wave spectra 
fur stations 1 and 6A are less reliable than the 
other stations since they were obtained from the 
vertical channel. The north-south component was 
used for the remaining S-wave spectra in Figure 4. 
Some of the higher amplitudes above 10 Hz for sta
tion 4 mjy be attributed to the relatively low sig
nal~to-noise ratio of the recorded data (Fig. 3).' 
The observed shift in dominant P-wave and S-wave 
frequencies observed in Figure 4 can be explained 
by having the ray paths to the inner stations pass 
through a zone of lower rigidity material. 
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Figure 4. Power spectra for P-phase (top) and 
S-phase (bottom) for each of the six 
seismograms of the Revenue Canyon event. 

These attenuation phenomena, combined with P
wave delay times, suggest the existence of a loca
lized body of low velocity material at depth, possi
bly a magma chamber, which has provided the most 
recent basaltic and rhyolitic rocks and continues 
to function as a heat source for the Coso geother
mal system. The location of the inferred anomalous 
body is constrained to lie along the ray paths to 
stations 6 and 6A. However, based on power spec
tral analyses of the P and S phases, the low velo
city zone may extend as far north1vard as the ray 
path to station 3. Assuming that the anomalous 
body is a deep-seated magma chamber, the most like
ly location is just south of Volcano Peak, where 
the youngest volcanics of the area are observed. 
It should be noted that the heat flow data as well 
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nH sllallmv mlr·•·nr·arthquakr• data (Fig. 2 nod Comlw 
and Rotstl'ln, J<J/(,) lncJlcnte Lh:1L the shallow. geo
thermal anomaly is located farther to the north. 
By examining seismic events from various azimuths 
and using fan shots with different dimensions, we 
intend to determine the geometry of the anomalous 
subsurface zone. 
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