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1.0.0 INTRODUCTION -~ o E
From June 13 to July 14, 1979, MicroGeophysicé Corporation
conducted a passive and active seismic survey in the McCoy,
Nevada area (see figufe 1.1, Location and Index Map). The
seismic surveys were conducted to aid in the evéluation of the
geothermal potential of the area. Passive seismic techniques
employed include microearthquake mapping wifh measurement of
acoustic rock.préperties,and P-wave delay. The active seismic
method employed was a pseudo-refraction survey of the area.
Each of these methods is suﬁmarized below. A more complete
discussion is contained in fhe Method‘Appendix.
l.l?O Microearthquaké Mapping
Microearthquakes are natural,.discrete, seismic disturbances.
These disturbances are the result of catastrophic rock failure
under stress. Microeafthquakeé and micréearthquake systems of
_varying activity leQels have been observed at every proven geo-
thermal area. Microearthquakes and the implied contémporaneous
tectonism are a necessary ingredient for a commerciai geothermal
occurrence (Lange and Westphal, 1969; Ward and Bjornson, 1971;
Ward.and Jacob, 1971; Hamilton and Muffler, 1972;.Ward, 1972;
Combs and Hadley, 1977). Mieroearthquake activityAiﬂdicates
that aétive tectonism is currently occurring, therefore, the
associated porosity and permeability are being augmented. The
zone of increasing porosity énd permeability can be an excellent
geothermal target and may contain either the reservoir itself

or the circulation path for geothermal fluids. The microearthquake
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method does not, however, directly indicate either sufficient
temperature or sufficient water recharge for a commercial

system.

Mappihg of discrete events for a geothermal area prqduces data
for fault locatiohs. First-motion studies produce data on

the type and style of faulting and the direction'of motion on
faults. The statistics of occurrence of microearthquakes is
used to compile a recurrence curve and to characterize and-
compare active geothefmal areas. Strain release can be cal-
culated, and éan be interpreted in terms of total energy and

fracture area associated with the microearthquakes.

1.2.0 Rock Properties
The velocity of P- anduS4Qaves-tranémitted through rock ié
changed slightly by changés in fock temperatﬁre. Fractures in
fock also'change in P- and S-wave velocity in rock éovsome
degree. If velocities are measured with a high degree of con-
fidence, it is possible to isolate one of the requirements for
a geothermal reservoir fracfure pofoéity.

1.3.0 P—Wave Delay
When strong earthquakes occurring at largé hypocentral dis-
tance are recorded, individual phase arrival times can be used
to provide information about subsurface structures or to
delineaté areas of abnormally high temperature. Stations in
the seismic array will show relative advances or delays in

arrival times when the arrival times are compared to the

average velocity of a chosen phase. The variations in arrival
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times reflect differences in velBEiﬁies near the stations
caused by structurél variations, lithologic variations or
temperature variations. A modél of subsurface veiocity and an
accompanying geélOgic model can be ﬁade to fit the observed
advances and delays. | |

1.4.0 Pseudo—Refraction
Blasts with accurate origin times and locations can be utilized
to develop a three;dimensional velocity model of the area
underlying the seismic array. Blasts from different quadrants
of the array will provide travel time information at different
azimuths for each station. Travel times vs. radial distances

to the shots can then be ihterpreted in terms of a three-

dimensional velocity model.

This report includes sections on geology, historical seismicity,
operations, pseudo—refréétion,vﬁicroearthquakes, associated rock
properties, and P-wave delay. The final sections are a com-
posite interpretation and a summary of conclusions from pre-
vitus sectiohs. Appendices include information about the

instrumentation-and methods used.
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2.0.0 GEOLOGY AND HISTORICAL SEiSMICITY
2.1.0 Geology of the McCoy Area
2.1.1 Intrqdﬁction
Major rock units in the McCoy, Nevada area include upper
Paleozoic formations exposed in the New Pass Mountains;
Mesozoic sedimentary, volcanic and intrusive rocks found at the
surface or underlying much.of the area; Teftiary sedimentary
ana volcanic rocks and Pleigtocene sediments, which together
cover nearly the entire surface. The area has been the site of
extensive marine sedimentation during the Paleozoic and Mesozoic
eras. The marine sediments have been involved in some or all of
three episodes of deformation; one Permian and two Jurassic
in age. During the Cretaceous period, uplift and metamorphism
accompanied intrusion of granitic plutons. Continued uplift
and volcanism during the Tertiary period produced great volumes
of rhyolite, andesite-and basalt-tuffs, flows, and tuffaceous
sediments. Normal faulting, culminating in Pleistocene time
ana continuing to the present, formed the "basin and range"
structure and topography which characterizes the area today.
Figure é.l shows major rock units and structure in the survey
area.
| 0 2.1.2 Paleozoic and Mesozoic Geology
The oldest rocks found in 6r near the study area are late
Paleozoic cherts, greenstones and siltstones. They are exposed

only in the New Pass Mountains and appear to be correlative

with the Pennsylvanian and Permian Havalla and Pumpernickel

P
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Formations described elsewhere in Nevada. Because the tectonic
style of these rocks differs from that of younger, overlying
formations, the upper Paleozoic rocks are thought to have been

deformed in the Permian Sonoma orogeny.

Mesozoic.rocks'in the area include Triassic and Jurassic marine
sedimentary rocks, middle Jurassic mafic intrusives and extrusives
wﬁich form a lopolithic complex, and grénitic intrusions of'
Cretaceous age. The Triassio'sedimentary section varies

laterally from east‘to west across the study area. The section
begins with a thick basal chert conglomoraoe and continues con-
formably through the thin beddea limestone and siltstone of the
Favret Formation, the massive limestones of the Augusta Mountain
and Cane Spring Formations, and ends with the quartz sandstone
(with minor limestone, shale and chert conglomerate) of the

Osobb Formation.

In the Clan Alpine Mountains to the west, the Traissic section
is present.: The section in the Clan Alpine Mountains differs
slightly froﬁ equivalent rocks to the west, in that the upper-
most porfion contains significant carbonate plus local lenses
of chert conglomerate which thin to the west, indicating é
\

source area tao the eas£. It is probable that the source of
the conglomerates is the same as the New Pass-Augusta Mountain
area conglomerate. The upperlPaléozoic cherts are a likely

source, and may have been exposed repeatedly throughout the

Triassic: period.
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The contact between the eastern éhg western Triaésic sections
is not exposed. It is thought to be a thrust fault with a
fairly small disélacemenp. Facies relations suggest near shore
‘deposition in the Clan Alpine Mountain area during late
Triassic time. The area emefged in early Jurassic time and

the shoreline migrated to the west where deposition continued.

/

During the middle Jurassic, the first of two Jurassic episodes -
of deformation produced broad, east-west trending isoclinal
folds in -the Triassiclagé and'older rocks. At the same time,

a quartz arenite was deposited, followed immediately by the
_exfrusion of a‘lafge volume of basaltic iavas and fragmental
rocks. The quartz arenite and basaltic lavas were then
intruded by a body of gébbro, K/A dated at 150 myo. The gébbro
is highly differentiated at its margins including the rock
types picrite, olivine gabbro, hornblende gabbro and anorthosite.
The intrusion of the gabbro produced thrust faults in the
arenites and basalts in an anular pattern away from the in-

i

trusive center. .

A second pulse of Jurassic deformation produced north-south
trending folds in the entire stratigraphic section, including
the gabbroic complex. Thrust faults are common throughout the
Triassic and Jurassic action but displacements appear small.
They may feppesent local slides during early phases of folding,

or even soft sediment deformation during deposition.
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Granitic pultons of Cretéceous agé ére common throughout Nevada.
The two small bodies of granodiorite exposed in the Clan Alpine
Mountains intrude the Triassic siltstones and shales but seem
' too small to have been responsible for the degree of regional
metamorphosis present here. For this reason, it is thought
that the small granodiorite bodies may be cupolas at the top of
a much larger pluton present in the area at shallow depth.
Intrusion dhring the Cretaceous period was accompanied by
regional unlift which continued throughout the Tertiary.

2.1.3 Cenozoic Geology |
Tertiary and Quaternary age rocks are present at the surface
over most-of the study area. The oldest Tertiary rocks in
the area consist of andesitic tuff breccias and basalts, K/A
dated at 27 myo. These uhconformably_overlie Mexozoic sed-
imentary rocks. The néfthern Clan Alpine Mountains are
mantled by alwéll layered succession of welded tuff vérying in
thickness from 100 to 1000 ft, with lacustrine or airfill ash
interbeds. Interfingering with this are sedimentary units

which have been dated as 26-21 myo.

-

Late Tartiary and Quaternary high angle faults are the singlé
most common structural feature in the study area. Most trend
in a northerly direction. Dip slip aisplaéement has been the
dominant movement on these faults, resuiting in the typical
"basin and range" topography of the area. Contihuihg faulting,
erbsion and sedimentation have filled the intervening valleys

with thick units of relatively unconscolidated sediments.
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2.2.0 Histofical ééfsmiciéy*
Seismicity in Nevada has been monitored by the Mackay School
of Mines in Reno using a network 6f seismographs generally.
spread throughout the state at a 50-100 km spacing. Catalogs
of the earthquakes located by this network,.list events located
since 1970. .From 1916-1951 a two component horizontal Wiechert

seismograph was in operation in Reno.

The closest seismograph to the McCoy area, operated by Mackay
~School of Mines, is about 50 km west, in the Stillwater Moun-
tains. The single instrument coverage of the prospect area at

that distance is not very good.

Epicenter maps from 197Q-l974 show very little seismic activity
in the McCoy prospect areévas no large éarthqhakes were located
there between 1916 and 1951, A definate north-south trending
line of earthquakes exists south and west of the prospect area.
Figure 2.2 shows the seismicity for Nevada between Juiy 1, 1974
and Décember 31, 1974. This map indicates the average seismic
aciéiny in the prospect area for any given 6'month time interval
between 1970 and 1974. One can see that the prospect area is

located in a seismic gap on this map.

Earthquake distribution and fault mechanisms in the north-south

trend of earthquakes south and west of the prospect area show

>

a northerly trend of epicenters east of the Dixie Valley fault.
At about 39°42'N, and 118°5'W this northerly trend changes to

a west-northwest trend which seems to cut across Dixie Valley.

MICROGEOPHYSICS
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13

Fault plane solutions féf both‘%ﬁé horthvtrendiné and west-
northwest trending zones of hypocentérs are consistant with
pred&minantly normal faulting along fault planes oriented
either northeast-southwest or east-west (Ryall and Malohe,
1971). These fault planes dip southeast at about 45° and

north at a steep angle respectively.. Figures 2.3 and 2.4 show
the earthquake distribution and fault plane solutions mentioned
above. The northernmost eafthquakes in Figure 2.3 are the
-closest historical earthquakes to-the McCoy prospect area.

This closest trend of earthquakes lies about 30 km southwest

of the center of the McCoy survey area.

MICROGEOPHYSICS
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3.0.0 OPERATIONS

A passive and acfivé seismic survey was conducted in the McCoy,
Nevada area between June 13 and July 14, 1979. Thirty-one
days of recordingé were obtained. Data quality was generally

good with less than 10 percent loss due to wind and cultural noise.

In all, twenty-two stétions were occupied during the survey.
Station locations'are shown in Figure 3.l1. Table 3.1 lists
station locations. Station placemenﬁs were determined by con-
sideration.of access, array geometry, and uniform coverage of

the target area.

Where a hard rock outcrop was available, the seismometer was
cemented to the outcrop and covered with soil to reduce wind
noise. Where hard rock was not available, the seismometer was

buried from one to two feet into the soil.

During the survey, three blasts were‘monitored‘in order to make.
pseudo refraction meaéurements, The.blasts were located in
abandoned mine shafts and covered with soil in order to increase
maximum coupling energy. At each blast location a seismometer
and MEQ-800-B seismograph recorded the origin time of the blast.
All three blasts were.of sufficient eneréy to be recorded at all
stations in dperation at the time of the blasts. Figure 4.1

and Plate 5.1 show station and blast locétions.

Seismograph stations consisted of an L4-C vertical seismometer -

and an MEQ—BOO—B smoked paper recording system. Stations

MICROGEOPHYSICS
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TABLE 3.1

Station Locations and Time Corrections
Origin at 39°50'N, 117°35'W, Datum 1200 m

Station X (km) Y (km) Z (km)
1 -7.55 -2.55 +.290
2 ~2.75 +9.54 +.070
3 -0.66 -5.52 +.665
4 -2.10 ~5.00 +.685
5 +0.05 +3.71 +.210
6 +0.18 ~2.08 +.836
7 +8.10 +3.82 +.379
8 ~3.26 ~7.74 +.487
9 S -2.16 -4.19 +.701
10 -6.76 +1.09 +.272
11 -5.02 +11.02 +.039
12 +2.53 - +8.11 +.171
13 +8.24 +2.12 +.385
14 +8.02 -0.75  +.517
15 +6.02 -5.00 +.563
16 ~2.72 +6.69 +.100 |
17 +3.55 +2.83 . +.254
18 +4.52 -3.33 +.487
19 +4.36 +0.41 +.333
20 +4.36 -7.24 +.563
21 +9.10 -4.90 +.548
22 +7.12 +8.05 +.324
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l, 2, 3, 5, 6, and 8 were telemetered to a central location
at station 9. Details of the equipment used are contained
in the instrumentation appendix. Figure 3.2 is a detailed

operations schedule for all stations.

- MICROGEOPHYSICS
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4.0.0 PSEUDO-REFRACTION éURVEY

4.1.0 Introduction
This section of the report describes the pseudo-refraction
survey condﬁcted in the McCoy area. Three blasts are used
to determine the velocity structure underlYing the survey
area. The blast locations and stations which are operating
at the time of these shots are shown in Figure 4.1. This
section includes discussions on data processing tgchniques
fbr pseudd—refraction and observations obtained from the
pseudo refraction survéy.

4.2.0 Data Processing Téchniqués
P—‘apd S-wave arrivals from the blasts were pigked off from
smoked paper records at each station. The sﬁot origin time was
picked from a seismograéh record obtained at the blast site.
Travel times to each.stétion were determined for each blast and -
plofted Vé. radial distance to the station. The poinﬁs obtained
in the travel time-distance plot can be fit with straight line
ségments which have slopes and time axis intercepts representing
the inverse velocities in the depths to different refractors in
a layered earth model. Figure 4.2 shows the composite travel

time-distance curve for all three shots at McCoy.

Once a first approximation of a layered earth model is made
using the composite travel time-distance curve, computer
processing is used to refine the model. The. computer program

is a refraction forward modeling routine. The user must input

MICROGEOPHYSICS
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a desired velocity modeif'actuai Efével times and distances for
each receiving statién.‘ Initially, all travel times;are cor-
rected to a datum by subtracting time from each station based

on a uniform first layer vélocity. After the initial corrections,
the travel times at eacﬁ station are changed to reflect the
actual velocity of the first layer under each station. Tables
4.1, 4.2 and 4.3 show the station distances, raw travel times,
velocities of first layers, elevation corrections and final
corrected travel times for each blast. The elevation corrections
were made along a downward vertical path rather than along an

N

average inclination angle.

The corrected travel times listed in Tables 4.1, 4.2 and 4.3
are then input into thé'¢omputer program to obtain a finalized
best fit to a layered eérth model. Residuals from this best

fitting layered earth mbdel can then be analyzed.

Table 4.4 lists station§ and their time residuals from a best
fitting layered earth model: The best fiﬁting model used is
shown in Figure 4.3, along with raypaths to each refractor.

Time residuals at each station are accounted for by replacement
of material of one velcoity with material of another velocity
under the station. This goiution is necessarily indeterminate
unless the velocities used for each material are fixed. 1In

this case, the velocities are fixed to the 4.0 km/sec, 5.0 km/sec
and 5.75 km/sec .values obtained for the iayered earth model.
Using these velocities travel times through 100 meters of each

material are:

MICROGEOPHYSICS
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© TABLE 4.1
Shot #1 Data
Shot Locations: X (km) Y (km) Z (km) Time (Day, Hr:Min:Sec)
origin: -6.76 +1.09 +.272 189,06:37:03.73
Radial Raw Velocity Corrected
' Distance Travel Time . of Surface Travel Time
Station (km) (sec) Layer (km/sec) (sec)
1 3.75 1.09 5 .98
9 7.00 1.59 5 | 1.40
5 7.35 2.02 4 1.91
6 7.64 2.12 4 1.91
3 9.00 1.96 5 1.77
2 9.33 2.24 4 2.17
19 11.17 2.65 4 2.51
12 11.62 2.77 4 2.67
18 12.13 2.82 - 5 2.67
20 13.92 2.98 - 2.81
13 15.06 3.39 | 4 3.24
7 15.12 3.37 .4 3.22
22 15.57 3.42 g 3.28
21 16.90 3.64 , 5 3.48



TABLE 4.2
Shot #2 Data
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Shot Locations: X(km) Y (km) Z (km) Time (Day,Hr:Min:Sec)
Origin: | +8.10 +3.82 +.379 190,05:48:4.70
Radial Raw Velocity Corrected
Distance Travel Time of Surface Travel Time
Station (km) (sec) Layer (km/sec) (sec) -

19 | 5.06 1.18 5 | 1.07
12 7.01 1.57 4 1.48
18 8.01 1.83 5 1.69
5 8.06 2.17 4 2.07
21 8.78 2.17 5 2.01
6 9.91 2.50 4 2.29
20 11.70 2.52 5 2.36
3 12.82 2.85 5 2.67
9 13.05 2.88 5 2.69
10 15.12 3.37 5 3.27
8 16.22 3.59 4 3.45
1 16.90 3.55 5 3.44



TABLE 4.3
Shot #3 Data
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Shot Locations: X (km) Y (km) Z (km) Time (Day,Hr:Min:Sec)
Origin: -2.10 fS.OO +.685, 194,14:24:03.33
Radial Raw Velocity Corrected
Distance Travel Time of Surface Travel Time
Station {(km) (sec) Layer (km/sec) (sec) .
1 6.00 1.40 5 1.20
18 6.87 1.84 5 1.61
20 6.85 1.79 5 1.54
10 7.70 1.72 5 1.53
19 8.43 2.23 4 2.01
21 11.20 2.62 5 2.37
13 12.60 2.94 4 2.71
7 13.50 3.65 4 2.83
12 13.88 3.55 4 3.08
2 14.56 3.48 4 3.33
22 15.93 3.80 4 3.48
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TABLE 4.4
Travel Time Residuals
- is early arrival + is late arrival
Shot #1 Shot #2 Shot #3
Residual Residual Residual
Station (ms) Station (ms) Station (ms)
2 +10 1 ~110 1  -300
3 -280 3 -170 2 +100
5 +70 5 +90 7 -120
6 -10 | 6 0 10 =310
7 =100 8 0 12 0
9 ~280 9 ~180 13 -80
12 +50 10 | +30 18 -80
13 -60 212 -220 19 +10
18 -50 18 -210 20 -140
19 -30 19 -250 21 ~180
20 -210 20 -290 22 +70
21 -200 21 -50
22 -150 '
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25 milliseconds at 4.0 km/sec

20 milliseconds at 5.0 km/sec

17 milliseconds at 5.75 km/gec
Thus intérchangihg 4.0 km/sec and 5.0 km/sec maéerial gives
a 5 ms travel time change per 100 meters of interchanged
material and interchange of 5.0 km/sec and 5.75 km/sec material
gives a 3 ms ﬁravel time change per 100 meters of interchanged
material. These values of 5 ms/100 meters and 3 ms/100 meters
are corrected for the average refractioﬁ angles shown in Figure
4.3. The corrected values become 9 ms/100 meters éf 4.0 km/sec
and 5.0 km/sec interchange and 6 ms/100 metérs of 5.0 kn/sec
and 5.75 km/sec interchange. Thus, one must add enough faster
material at a station to account for an early arrival (negative
travel time residual) ofiadd enough slower material at a sta-
tion to account for a léée arriVal (positive travel time re-
sidual). Deviations from the layered earth model undér each
shot point also must be accéunted ﬁor. Thué the total travél
time residual must be accounted for by material replacement
both at the shot énd receiving station. This is best accomplished
by shifting the time residuals at each receiving station for
each shot based on the velocity structure under each shot point.
The shifts used in this survey wefe:~

Shot #1 4+ 90 ms

Shot #2 + 70 ms

Shot #3 + 90 ms

MICROGEOPHYSICS
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All three shot points are located where 5.0 km/sec material
is at or very near the surface. Thus this high velocity
material would account for part of an early arrival at a
receiving station. Also, a late arrival at a receiving
station has to be made even later to compens

high velocity material at the shot point.

The»travel time residual at the station (after shifting to
account for the material present at the shot point) is then
accbunted for by moving the 5.0 km/sec layer up or down. The

5.0 km/sec layer is moved up to account for negative travel

time résiduals (early arrivals) and moved down to account for
posi%ive travel time residgals (late arrivals). The resultant
depth to the 5 km/sec layer is then plotted on a map ét the

point where the seismié raypath traveling at the éritical re-
fractidn'angle intersects the/5.0 km/sec layer. If the 5.0 km/sec
layer is moved to the surface, and there is still a resultant
travel time residual, the resultant travel time residual is
accounted for by moving the 5.75 km/sec layer up at a:rate of

100 meters/6 milliseconds. When the 5.0 km/sec layer is moved
down to account for positive travel time residuals (late arrival
at the receiving station), the travel time residual is aécounted
for totally by changing the depth of this 5 km/sec layer, under
the assumption that the 5.75 km/sec layer is too deep to actually

be the refractor on which the seismic ray travels to the

receiving section.

MICROGEOPHYSICS



The'depths to each layer which have been plotted on the map
are then contoured to show the resulting three-dimensional
velocity model. |

" 4.3.0 Observations

Plate 4.1 shows the contour map of depth to the 5 km/sec iayer.
It can be seen that the 5.0 km/sec layer is at the surface in
the southwest and east-central sections of the survey area.
These areas are highlighted with vertical lines on Plate 4.1.
The 5.0 km/sec layer drops off steeply to the north, east, and
-west respectively of these highs.” “The maximum depth, near’
station 5 in the central part of the array, is about 3.5 km.
Afeas where. the 5.0 km/sec layer is deeper than 2 km are
highlighted in a dotted pattern on Plate 4.1. These steep

gradients may represent faulting with a considerable amount

of dip-slip displacement.

32
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'5.0,0 MICROEARTHQUAKES

5.1.0 Introduction
This section of the report concerné the local microearthquakes
detected during the seismic survey of the McCéy, Nevada area.
Seismic activity is low, with 36 microearthquakes being
recdrded during the 31 record days. An event is'designated
a local microearthquake'if it shows a éeismic signature with
an S-P time of 5 seconds or less on at least one station. Of
the 36 microearthQuakes recorded, 30 were located. Included
in this section are discussions of the detection threshold,
.methods used in hypocenter location and the velocity model used,
hypocenters, earthquake océurrence statistics, estimated strain
release, first motion studies, and Poisson's Ratio.

5.2,0 Observations

5.2.1 Detection Threshold

The detection threshold distance is.defined as the largest hypo-
central distance at which an earthquake of a given méngitude will
produce a trace displaceméntvof at least 2 mm on the detecting
instrument. Therefore, any event within the detection-threshold
distance would be detected on at least one station if the event
_exceeds the magnitude for which the detection-threshold is calcul-..
-ated. Detection-threshold contour maps are derived from-the trace
amplitﬁde versus distance relationship for various magnitudes,
considering the stafion gain and signal-to-noise ratio. A graph
of Hybocentral Distance vs. Magnitude and MEQ-800 system gain is
shown in Figure 5.1. The detection-threshold contour map as cal-
culated from a magnitude of 0.0 is depicted on Figure 5.2. From
this contour mép, it can be stated that for areas within 3 km of

the array the detection-threshold approached a magnitude of -0.5.

MICROGEOPHYSICS
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v5.2.2 Methods Used in Hypocenter Locations and
Velocity Model : '

Earthquakes showing good P arrivals at 3 or more stations are
located usiné a linear increase With depth Qelocity model. The
velocity model chosen has a surface velocity of 4.0 km/sec and
an acceleration with depth of .40 km/sec/km. This velocity
model produces a good fit to the layered earth model found in
the pseudo-refraction survey. The layered earth model and the
linear increase with depth model are shown in Figure 5.3. Time
aavances and delays are added to each station 5ased on the
travel time residuals from the pseudo-refraction survey. Table
5.1 lists these advances and delays. The three shots used in
the pseudo refraction survey are -then located using ﬁhe linear
increase with depth velocity model. Station advances and delays
are adjusted until the computed locations of the shots agree with
the actual locations within 1 km in'epicenter. There is less
¢ontrol on the depth. Depth errors in show locations are 3.7 km,
0 km, and 1.6 km for shots 1, 2, and 3 réspectively. |

5.2.3 Hypocénters
Plate'S.l.shows hypocenters of the located earthquakes. Table
5.2 lists all‘of these located earthquakes. All locations are
in km based on a cartasian coordinate system with the origin
at 39°50' north and 117°35' west. The datum is the same as used.
in the pseudo refraction survey, 1200 meters above sea level.

5.2.4 Occurrence Statistics
Figures 5.4 and 5.5 are plots of the number of earthquakes

versus time of occurrence.  Figure 5.4 plots the number of

MICROGEOPHYSICS



VELOBITY (KM/SED)

DEPTH. (KM)

4 km./ \
Sec.ﬁ' \

\ 5 km. /sec.

\ ; PSEUDO REFRACTION

, \ |
5.75 km. /s6C. \ V=40km/sec. +

\ .40 km./sec./km.
\\\ ){ -

\

4 5 6 7 . 8 9
] T L . T B T T

VELOCITY MODEL

FIGURE 5.3

377



TABLE 5.1

TIME CORRECTIONS TO STATIONS

STATION CORRECTION (ms) STATION CORRECTION (ms)
1 + 100 11 0 |
2 - 100 12 0
3 + 250 13 0
4 + 250 14 0
5 ~100 15 0
6 '~ 100 16 - 100
7 0 17 0
8 + 100 18 0
9 + 250 19 - 100

10 + 250 . 20 + 100
| 21 + 100
22 0

+ ms is delay

- ms is advance

38



TABLE 5.2

EVENT LOG
DAY HR MIN SEC X Y 7 MAG
169 04 13 14.65 10.4 ~12.4 1.5
169 06 40 11.82 4.4 10.5 . -0.1
169 11 03 29.13 17.3 4.0 1.1
171 08 49 21.18 18.8 3.6 . 0.9
171 18 01 54.53 -5.7 5.0 . 0.7
171 18 02 40.61 -4.4 4.3 0.5
172 12 28 5.00 -32.0 -15.8 .7 2.8
172 12 34 15.53  -32.5 ~13.7 .9 2.6
172 12 34 23.97 -31.5 -15.3 2.9
172 15 09 32.98 -30.8 ~13.6 2.1
172 15 15 33.39  -32.5 ~14.6 . 1.9
172 15 21 42.99 -30.1 ~15.0 2.2
172 16 50 40.17  -27.5 -11.1 3.1
174 04 11 11.77 9.0 14.6 .3 1.1
175 04 22 16.62 -1.6 -5.6 -0.9
175 23 46 48.40 5.9 4.8 . 0.9
176 0L 02 32.57 5.8 4.9 -0.1
176 02 24 36.85 ~3.8 6.3 0.5
176 09 18 7.18 2.0 -23.6 1.8
176 19 16 23.58 10.0 -7.3 . 0.9
177 12 57 53.10 -0.7 17.0 0.6
182 18 54 9.55 -7.8 -4.9 . -0.1
184 01 07 3.16 3.0  -11.0 0.4
186 07 15 39.12 8.3 2.6 0.2
189 02 17 33.09 3.6 ~12.0 0.4
189 04 02 8.44 20.3 17.8 1.7
189 07 23 49.53 3.3 ~10.9 -0.3
190 03 07 58.49  -20.7 6.2 ) 1.6
192 06 19 29.05 -15.9 2.6 0.2
192 16 16 ~12.6 1.4 .2 1.0

46.05
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earthquakes versus the day of the survey. Figu;e 5.5 plots
earthgquake occurrence vérsus the hour for all days of the sur-
vey. All earthquakes recorded (1oqatéd and unlocated) are
shown in these figures.l As can be seen in Figure 5.4, there
are no large swarms of earthquakes during the survey. The
largest concentration of earthquake activity occurs on day 172
(June 21). The small swarm on day 172 reflects distant local
earthquake activity occurring southwest of the seismograph
array along the eastern side of Dixie Valley. The distribution
of events by hour (figure 5.5) shows a fairly diffuse pattern.
The McCoy survey area is quite remote and thus there is little
cultural noise present during the day héurs to obscure the |
seismograph records. Thﬁs there is no grouping of events during

night hours as is commonly seen in more noisy areas.

A characteristic of seismicity is the recurrence curve. The

- recurrence curve is a plot of the earthuake magnitude vs the
lég of the cumulative number of earthquakes. Tﬁis plot is
typically linear, which indicates that for a given maghitude
earthéuake a larger number of earthquakes will occur of a.
lesser magnitude. For a slope of 41.0, a ten—féld increase in
the nﬁmber of earthquakes will occur for a decrease in the

magnitude of one.

The recurrence curve shown in Figure 5.6 is based on all of
the natural earthquakes recorded at McCoy. A b-slope of ~1.0

is shown for comparison. A b-slope of -.9 is considered an

MICROGEOPHYSICS
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average value for world wide seismicity. The recurrence curve
shown in Figure 5.6 is not smooth. The noise can be accounted

for by the small number of earthquakes recorded.

As the magnitude decreases, the recurrence curve departs
significantly'from'a straight line. This phenomenon is caused
Aby the decreased cabability of the seismogréph array to detect
these smaller earthquakes. An empirical detection threshold is
determined to be the approximate point where the recurrence
curve departs siénificantly from linearity at small magnitudes.
This empirical detection threshold is shown in Figure 5.6. The
empirical detection threshold is at approximately magnitude -0.4.
This empirical detection threshold agrees closely with the
detection threshold of -0.5 discussed in Section 5.2.1.  Thus
it can be surmised that all local earthquakes with magnitudes
greater than -0.4 occurrihg during the survey have been
detected.

5.2.5 Strain Release
The relationship between strain release and magnitude established

by Richter is:

Logio E = 9.4 + 2.14m - 0.054m?2

where E is the energy released in ergs
S is the strain released in (ergs);i

m is the magnitude (Richter)

MICROGEOPHYSICS
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The purpose of estimating strain release is to get an idea of
the total energy'and.total area of fracturing involved in the

recorded earthquakes.

Plate 5.2 shows the strain release determined from both located
and unlocated earthquakes. The unlocated strain release points
are determined from S—P times at the stations at which the
earthquake is detected. The strain release point is plotted at
a point consistant with -S-P.times from two.or more stations.
-For earthquakes detected on only one station, the strain release
point is plotted at a point where the earthgquake is most un-

likely to have been detected by any other station.

The sparcity of earthquakes detected during the McCoy survey
makes contouring of strain release difficult. Thus, in Plate
5.2, the solid parts of the contoﬁrs indicate actual points
of strain reiease. The dashed parts of the contours indicate
possible epicenter and structural‘trends in the area.

5.2.6 First Motion Studies and Fault Plate Solutions
If seismographs recérd the direction of first motion'of the
P-phase afrivai at several azimuths from‘the event, the double
couple model of rock fracture will yield fault planes. A éet
of two orthogonal fault-plane solutions are determined; the
preferred solution,;s_denoted the fault-plane solution and
the other the auxiliary solution. The first motion of the

S—phaée arrival can be used to choose between the two available

_solutions, but in practice, observation of first motions of the

 MICROGEOPHYSICS
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S-arrival is very difficult. 1In this case, hypocenter trends,
mapped geologic_structures, and general knowledge of tectonic
stresses in the area are helpful in determining the preferred

solution.

Fault plané sélutions are shown in Plate 5.2. The first motion
plots are upper hemisphere projections of the source emergence
angle. The direction of first motion, ‘dilatation (D) or com-
pression (U), is plotted; Compressional quadrants are indicated
by a vertically lined pattern. The fahlt_plane solutions. are
poorly controlled due to poor azimuthal coverage for most of
the located earthquakes. A majority of the fault planes determined
show predominantly dip-slip motion along several possible fault
plane orientations.

5.2.7 Poisson's Ratio
If the S-P times.for a specific event are plotted versus the
P-phase arrival times at several stations, the resultant boints
will fall on é straight line if the subsurface is homogeneous.
The point whére this line crosses the S-P = 0 axis cofresponds
to the origin time of the earthquake. 'If inhomogeneities in
the subsurface are suspected, and an origin is available from
the computer fit to the data, a straight line can be drawn
between the computed origin-time and the point corresponding
to each station. This line defines the average crustal properties

along the line from the earthquake location to the station.

MICROGEOPHYSICS



47

'The crustal property defined is“the P-wave to S~wave velocity
ratio. The ratib is equal to the slope of the line plus 1.0.
Such a plot is known as the Wadati plot (Figure 5.7). In-
'di&idual—event Wadati plots are made for locatable events.

I£ should be noted that the P-wave to S-wave velocity ratio
'acquired for each event is correct only along the raypath
between the specific event and a particular station. The
purpose of thé composite is to_give average values for the

ratio under each station.

Another way of displaying the data is to convert the velocity
ratio to Poisson's Ratio. The equivalent Poisson's Ratio for

different slopes is also shown in Figure 5.7.

Once the Poisson's Ratio is determined for a specific raypath
joining a station to an event location, the projection of the
raypath on the surface is plotted on a map. The Poisson's

Ratio map is shown in Plate 5.3.

‘Areas of high Poisson's Ratio (greater than .35) may indicate
anomalously high fracture porosity. The areas of high Poisson's
Ratio on Plate 5.3 include the boundaries of the seismograph
array and the east central portion of the seismograph array

near station 17. The high Poisson's Ratio in the boundary

areas probably reflects the deep relatively unconsolidated
.sediments in the large basins surrounding the seismograph array.

The high Poisson's Ratio near station 17 may indicate anomalously

MICROGEOPHYSICS
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high fracture porosity or an andméiously high P-wave velocity

in this area.

An area of low Poisson's Ratio (less than .15) is seen in the
~middle of the séismograph array. This area could indicate
low fracturing or an area of anomalously low P-wave velocity
-bf a combination of both. Poisson's Ratio will be discussed

e

further in the interpretation'éection.

MICROGEOPHYSICS



50

6.0.0 WAVE DELAY

6.1.0 Introduction:
Separate phase arrivals from 9 teleseisms reco;ded during
the McCoy survey are analyzed to provide information about
deéper velocity structure in the sufvey area. Each a;rival
tiﬁe is corrected to a datum 2.8 km below sea le§el. These
correctiohs are based on the stétion elevations énd the three
dimensional velocity' structure determined from the pseudo- re-
fraction survey. Table 6.1 is a list of the teleseisms -used
for wave delay analysis.

6.2.0 Data Pchessing Methods
Arrivals from three phases of each teleseism are plotted on
time—distande.curves. The phase velocity of the teleseism is
then drawn through each phase to produce the best fit to the
measured afrivéi times. Figure 6.1 shows such a time-distance
curve. Three phases are used to minimize the error in picking
arrival timesﬂ Time residuals from the best fit to the phase
velocity are averaged for each azimuth at which teleseisﬁs
approach the seismic array. The station showing the least
variance from the best fitting phase velocity is used as a
maéter station with;a time residual of 0. \Otﬁer time residuals
are shifted to match the shift made to bring the master
station to 0. in this survey station 5 shows the smallest time
residuals and is assumed as the master station. Plate 6.1

shows the time residuals at each station relative to station 5.

'MICROGEOPHYSICS
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TABLE 6.1
Teleseisms Recorded
Phase
: PDE Origin Depth Velocity

l Day Time Lat.® Long.° (km) A° (km/sec) AZ° INCL.°
ll73 6:30:56.3 . 17.05N 94.55W 112 31.5 12.62 51 E 27
175 1:11:33.4 .23.658 69.02W 100 81 20.94 51 E 16
Il76 5:29:07.5 5.13S 145.68E 195 98.5 24.34 86 W 14
176 11:01:12.1 20.06S 173.01W 33 79 20.35 53 W 16
l 177 3:49:21.'4 22.308 J.75.06W 33 82 21.26 48 W 16
ll78 8:50:39.1 70.10N  96.18W 33 32.5  12.69 12 E 27
178 9:50:08.7 7.17N 82.10W ‘ 33 46.5 14.21 57 E 24
|179 . 14:44:00.0 37.14N 116.09W 0 3 8.10 28 E 45
181 8:33:04.0 7.11N 82.44W 33 46 14.20 57 E 24

Ifor June-July, 1979.

IAll inclinations are taken from downward vertical.

All origin data is from the National Earthquake Information Center PDE printout
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Time residuals are anaiyzed with a method analogous to the
énalysis of the pseudo-refraction re#iduals which is describéd
in section 4.2. Advances and delays at different azimuths from
each stétion can be accounted for by changes in the velocity
structure under the station. Howevér,-unlike the pseudo-re-
fraction analysis; there is no best fitting iayered earth model
to use as a basis for velocity changes under each station.
The velocity changes can occur at any debth under the station.
Therefore, a hypothetical wave delay surface is postulated.
This surface is made to show an apparent velocity contrast of
10 km/sec. This apparent velocity contrast results in a 10 ms
compensation'for each 100 meters of replacement of material
of one velocity with ﬁhe other. The hypothetical wave delay
surface used is the interface between two layers of:

.5.75 km/sec from 4 km to 7 km

13.5 km/sec under 7 km
This hypothetical surface does ﬁot indicate actual velocity
at é depth of 7 km. It is merely a conveniént surface to show

areas which have relative advances and delays.

One may then move the interface between these layers up or down
at a r;te of (100m/1l0ms x 1l/cosA) to account for travel time
residuals. A is the emergence angie of the teleseism and
l/éosA is the correction applied to the'replacement rate for
tﬁis emergence anglé. The resulting depth to the 13.5 km/sec
‘laYer is plotted at the surface projection of the point at

which the teleseism intersects the depth assigned for a station

MICROGEOPHYSICS
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on the azimuth that the teleseism arrives. These points are
contoured to show the wave delay surface. The wave delay
surface is shown in élate 6.2. The depths shown in Plate 6.27
do not indicate actual depths to structure. They show areas
of relative advance and delay.

6.3.0 Observations
Relative advances and delays iﬁ fhe survey area are quite large.
The difference between the largest advances and delays are on
the order of 450 milliseconds. Areas showing the highest
advances are indicated by the_shallowest parts of thé wave
delay surface in P;ate 6.2. Thé‘areaé showing the wave delay
surface shallower than 5.5 km are highlighted by a vertically
lined pattern. Areas showing the highest delays are indicated
by the deepest parts of the Wave delay surface in Plate 6.2.
The areas showing tﬁe wave delay sufface deeper than 8 km are
highiighted by a do£ted pattern in Plate 6.2. It can be
seen that the largest delays occur to the north, southwest and
in the'Soﬁtheast section of the survéy area. Wave delay
observations are discussed further in the interpretation,

section.

MICROGEOPHYSICS l



7.0.0 COMPOSITE INTERPRETATION

Microearthquake activity during the McCoy survey was low. The
actiQity was below bhe event per day. The most active area
detected is southwest of the seismograph array, along the east
side of Dixie Valley. The earthquakes located in Dixie Valley
are quite large, ranging from magnitudes 1.9 to 3.1. Figure 4.2
shows that the active area in Dixie Valley is outside of the
detection.threshold distance»for a magnitude 1.0 earthquake.
Thus, these earthquakes may also be accompanied by smallef
earthquakes which are too émall to be detected at this distance.
The area in which these Dixie Valley earthquakes occur agrees
somewhét closely with the historicai seismic activity in this

area (see section 2.2.0).

The microearthquake locations inside'the seismograph array
agree quite well with the structure mappéd using the pseudo-
refraction technique. Fault plane solutions for these interior
microearthquakes show.predominantly dip—slip movement with
small strike-slip compénents. This relative dislocation is
consistent structure noted in the pseudo-refraction study. The
faulting or dislocations occur along three orientations; north-
northwest, west-northwest, and west-southwest. These orienta-
tions are significantly different from the predominantly north-
east orientation of Basin and Range structure in general. This
difference in orientation suggests é local rotation of the

principal stress axes.

MICROGEOPHYSICS
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The area of high Poisson's Ratio shown near station 17 on Platel
5.3 coincides closely with the purposed faulting in the area of
stations 7 and 17. This would indicate that the Poisson's
Ratio high may be due.to increased fracture porosity. The
depth to the 5.0 km/sec refractor (Plate 4.1)'is only about

2.5 km, so there may be considerable fracturing in the deeper
rocks in this area. This is supported by the 7.8 km dépth of

the earthquakes located here.

The wave delay surface shown in Plate 6.2 haé three areas whicﬁ
show significant delays. North and southwest of the survey'
area, ﬁhese delays are'poorly controlled 5y the pseudo-refraction
survey; Thus the corrections made based on the pseudo—réfraction
Velocity-model may not reflect‘the actual near sﬁrfacé velqcity
structure at these fringes of the survey area. The area of

- large delay shown én Plate 6.2 in the southeast section of the
survey area, however, is located where there is quite good
control of the near surface velocity model from the pseudo-
refraétion survey. The large delays present (up to 200 ms) in
this area suggest that ‘there may be anomalously low velocity
material underlying this area. Waves emerging from 14° to 45°
all are deléyed in this area. This would suggest that the low

velocity material is somewhat near the surface.

Plate 7.1 is a composite interpretation map. Suspected active
faults, areas of suspécted increased fracture porosity, and

the area suspected to have anomalously low velocity material

underlying it are all shown on this map. Also shown are the -

structural highs from the pseudo-refraction survey.

MICROGEOPHYSICS
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8.0.0 SUMMARY OF CONCLUSIONS AND VliECOMME_!NDATIONS
Cohclusions and recommendations are necessarily based on data
obtained during this survey and data available pﬁblicly.
‘Revisions in the conclusions should be expected with any addi-
tional information5
8.1.0 Conclusions

8.1.1 _The McCoy Prospect Area has a low rate of
seismicity with.an average-of about 1 earthquake per day.

8.1.2 Earthquake mangitudes are loW'(M§1.5) except
in the Dixie Valley swarm (1.9 <M<3.1).

8.1.3 Fault plane solutions indicate rotation of the
principal stress axes locally.

8.1.4 The Poisson's Ratio high near station 17 suggeéts
.anomalousiy high fracture porosity in this vicinity.

8.1.5 Wave delay analysis indicates low velocity
material underlying the southeast section of the seisﬁograph

array, in the vicinity of stations 18, 19, and 20.

MICROGEOPHYSICS
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MICROGEOPHYSICS SEISMOGRAPH SYSTEM INSTRUMENTATION

Introduction

The passive seismic system used for geothermal exploration and
deployed by MicroGeophysics Corporation (MGC) is a hybrid system.
The system consists of both independent seismographs and RF tele-
metered stations. The network station capability is from six to
ten stations. A schematic of the system is shown in Figure 1.
The independent stations are basically MEQ-800 visual drum recorders,
with an integral timing system synchronized to universal co-
ordinated time. As an option, the seismic signal can also be
recorded by a continuous magnetic tape recorder. This indepen-
dent station schematic is shown in Figure 1. The RF-telemetry
system consists of from two to eight satellite stations with a
central recording system. The satellite stations are comprised
of a geophone, amplified voltage controlled oscillator with a

RF transmitter.

The central system received data from each of the satellite sta-
tions, discriminates them, and records them. The recording can

be on smoked paper, and/or magnetic tape, and/or event recording
on a high speed photographic recording. A schematic is shown in
Figure 1. A detailed explanation of each of the component parts
for each system is given in the following sections.

L.4-C Seismometer

The L4-C is a -one-Hertz-natural-frequency vertical seismometer
(manufactured by Mark Products). The damping is 0.6 of critical
damping. The L4-C has an output of 6.9 volts per inch/second.
A typical specification sheet is shown in Figure 2. .

As sensor options, other geophones can be utilized. A common
option is the L-10 geophone (manufactured by Mark Products). A
typical specification sheet is also shown in Figure 2.

MEQ-800-B

The MEQ-800-B is a visual microearthquake recorder. The smoked
drum recording has a nominal 120 mm/min rotation speed with a 1
mm spacing between succeeding traces. The stylus and trace width
is 0.05 mm. The amplifier has a maximum of 120 db of gain and
‘selectable corners at 1, 5, and 10 Hz. The high cut filter has
selectable corners of 10, 20, and 75 Hz. The amplifier gains can
be changed by precise 6 db steps down from 120 db. The maximum
pen deflection is +25 mm and can be limited under severe ground
noise conditions to *10 mm or *5 mm.

The integral timing system consists of a clock, whose drift rate
is less than 1 part in 107 (approximately %10. ms per day) and
can be set to standard time and adjusted at 16 ms increments.
Time is displayed on each trace by a slight deflection of the
pen each second.

MICROGEOPHYSICS




' SYSTEM SCHEMATIC

INDEPENDENT STATIONS -

4-5 Stations Available
Remote Station Location

- Components:

TELEMETRY STATIONS

4-5 Stations Available
Remote Station Location

Components:

Geophone Geophone
¥ : ¥
Amplifier Amplifier
¥ ' ¥
Filters Filter
Y +
*Recorder Voltage Controlled

Smoked Paper
Digital Tape (optional)

Oscillator (VCO)
4
RF Transmitter

CENTRAL STATION

Components:
RF Receiver

Discriminator

*Recorder
Smoked Paper
Event Detection
Digital Tape.

*Timing supplied by each station, synchronized daily.

FIGURE 1
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L4-C- SPECIFICATIONS

Open Circuit Damping (bo) = 0.28 Critical
1.1 Re
Re + Ry

Total Damping (b,) = bo + bc

Coil Current Damping (b.) =

L-4C 1.0 Hz GEOPHONE

L-4C 1.0 Hz GEOPHONE

TYPE
" FREQUENCY

FREQUENCY CHANGE WITH TILT
FREQUENCY. CHANGE WITH EXCITATION

SUSPENDED MASS .
STANDARD COIL RESISTANCES. |
LEAKAGE TO CASE

TRANSDUCTION POWER. .
OPEN CIRCUIT DAMPING .

CURRENT DAMPING

COIL INDUCTANCE

ELECTRIC ANALOG OF CAPACITY

ELECTRIC ANALOG OF INDUCTANCE
CASE HEIGHT

CASE DIAMETER

Moving dual coil, humbuck wound

1.0 - 0.05 Hz measuted on 200 pound

weight at 0.09 inches/second
Less than 0.05 Hz at 5 from vertical.

Less than 0.05 Hz from G to .09,
mnches/second

1000 grams

" See Tabie

100 megohm minimum at 500 volts
. 8.8:102 watts inch second or
13.6 watls meter. second

. (bo)=0.28 cntical

1.1 Re
e (be) = Reo Re
where: Rc = coif resistance - ohms
s =shunt resistance - ohms
.. .. e (Le = 0.0011 Re
Lc 0 in hennes,
73.500

“ = Re

{microfarads)

.....bLm = 0.345R, (hennes)

© 3 inches — 7.6 cm.

Coil Resistance {(ochms) 84 134 206 320 500 870 1280 2000 3500 5500
Transduction ¥ TOTAL DENSITY . . .. .. .. . ... e . 3.7 grams cm?
(volts/inch/sec.) 087 1.13 134 17 21 28 35 42 555 69 TOTAL WEIGHT 434 pounds — 2.15 mlograms
Transduction oP T T . ) .
(volts/meter/sec.) 342 435 53 67 83 110 136 165 220 273 ERATING TEMPERATURE .. Range: - 20 10 140°F o - 29 1060 C.
Coil Inductance OPERATING PRESSURE ... . . .. 500 PS1
(henries) 0.092 0.147 0.230 0.35 0.55 0.95 1.40 2.20 3.85 6.05
Analog Capacity . ;
(microfarads) 875 550 356 230 147 B85 S8 37 21 134} 1 oL A
Analog Inductance . ; | jSunpleiiuhons
(henries) 29 464 71 110 173 300 440 690 1200 1900 ° N | 11
Shunt For 0.70 I \\L-\ F= H
Critical Damping 133 215 333 520 810 1400 2070 3250 5650 8900 . i /_\_l‘r’_ £ .
Shunt For 0.60 g T 1 1 l‘-.. ‘:. i
Critical Damping 205 325 500 780 1220 2120 3100 4900 8500 13400 ° T T T e T T
= i
1 i
T
L]
11
]
[
e |
L-10A SPECIFICATIONS ’
L-10A GEOPHONE L-10B GEOPHONE
Suspended Mass (m) .......................12.5 grams Suspended Mass (m) . .................. m =19 grams
e - 4.2 o ircuit D : bo bo — 2 10%
Open Circuit Damping (bo) ... ....... bo = - + 10% Open Circuit Damping (bo) . ....... coisibo=-—% & o
e e . 15.7 - R o e . 10.5 * R¢ + 100
Coil Circuit Damping (bs) .... be = . c =+ 10% Coil Circuit Damping (bc) . .. be = ———— *+ 10%
. f(Rs + Rc) R f(Rs 4+ Rc) .
5010 . 7330
Analog Capacitance (C¢). ... ....... Ce = R Analog Capacitance (C¢) ... ...... Cc= R
(3
Rc = Coil Resistance Cc — Microfarads Rc = Coil Resistance Cc = Microfarads
5.16 - Re 3.41 ‘R
Analog Inductance (Lm) .. ..... Lm = Analog Inductance (Lm) ... Llm = =
f = geophone frequency Lm = henries f — geophone frequency Lm = henries
. L-10B_4.5Hz T s
, Coil Resistance (ohms) 21 34 54 ‘90 138 215 374 590 940 ‘ Py oigl L | Dl e
Transduction " L L T 11
(v'olts/inch/second) 0.193 0.245 0.30 0.387 049 0.60 0.80 0.98 1.25 L i _Q_TT_L_H_J_._
Coii Inductance (henries) 0.004 0.006 0.010 0.016 0.024 0.038 0.067 0.105 0.167 . i f
Analog Capacitance H if /! —
(microg'arads) 350 216 136 B81.6 53.1 34.1 197 124 7.80 -~‘—L7§;//f —
Analog Inductance ] A 1 . 1
(henri%s) 358 582 9.24 154 236 368 640 102 161 i R
Shunt for 1.00 Critical ’ ' Ji .
Damping (ochms) 66.8 1085 173 277 317 687 1200 1890 3000 : :
Shunt for 0.70 Critical e .
Damping (ohms) 191 311 494 B24 1260 1750 3420 5410 8570 Jd
Shunt for 0.60 Critical
Damping (chms) 315 512 814 1355 2080 3240 5640 8910 10425 - /
b 445 b 2.33 Re . -
- . c = — i
° Re 4 R. FIGURE 2 .
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The frequency characteristics of the instrument with an L4-C
are summarized in Figure 3. Both the velocity and displacement
response for the MEQ-800-B microearthgquake system are shown.
The displacement response at a particular frequency (f) can be
calculated by multiplying the velocity gain at f time 2wf. The
filter response and gain level shown are typical settings for
operations in the western continental United States.

DMTR

The digital magnetic tape recorder (DMTR) is a twelve-bit 100
sampler-per-second, reel-to-reel-recorder which records data-
continuously. Each data block begins on the minute at the
command of the clock in the MEQ-800-B system. The hour and
minute from the clock are written at the beginning of each
block. WWVB is recorded continuously on one bit of the tape
format. The dynamic range of 72 db on this tape recorder allows
the recovery of data under exceptionally noisy conditions.

WWVB

WWVB is the radio call code for the National Bureau of Standards
60 kHz time-standard station in Fort Collins, Colorado. The
WWVB time standard is used to set and synchronize the micro-
earthquake system clocks. As shown in Figure 4 below, the signal
consists of 60 markers each one minute, with one marker each
second (time progresses from left to right). Each marker is
generated by reducing the power of the carrier by 10 db at the
beginning of the corresponding second and restoring it:

(1) 0.2 seconds later for a binary zero

(2) 0.5 seconds later for a binary one

(3) 0.8 seconds later for a 10 second position
marker and for a minute reference marker

TIME FRAME 1“MINUTE
(INDEX COUNT | SECOND)

0 10 20 30 a0 50 0
Il!lJlLLlll!"11L1_L'll"‘!"|1|,|1’|"!lLlll'll||lJ’l]l.l-llllle

Point A is 258 Days, 18 hours, 42 minutes and 36 seconds.

m—— ON TiME

POINT A —e= )
Py P, Py P ! Py P

—{[-0.2 SECOND  —jW[- _ 9.5 secono 0.8 SECoNd — [

FIGURE 4
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The WWVB code (as shown in Figure 3) is recorded daily on the
visual drum as.absolute time and date identification of the
-record, and is used to synchronize each MEQ system to standard
time.

The MEQ systems' clocks are synchronized daily with WWVB by
comparing (on an oscilloscope) the beginning of the WWVB second
pulse with the MEQ-800-B internally generated one-second pulse.
This comparison can be done to *2 milliseconds. Daily records
are kept on the amount of correction for each clock. These
time corrections are then applied to the records. Common cor-
rections are on the order of 15 ms per day or less than one
millisecond per hour.

WWV

WWV is the radio call code for the National Bureau of Standards
5, 10, 15, 25 mHz time standard station in Fort Collins,
Colorado, as used by MicroGeophysics Corporation. The voice
channel is used to generally coordinate time, while the second
signals are used to precisely coordinate time. The use is
similar to that of the WWVB channel.

Amplifier

The amplifier used is the AS-110 (manufactured by Sprengnether
Instrument Company). This amplifier has identical characteristics
to the Sprengnether MEQ-800 amplifier.

Telemetry

The following are excerpts for the Sprengnether Manual for the
VCO and Discriminator equipment:

Telemetry VCO TC-10

The TC-10 Voltage Controlled Oscillator has been
designed to fill a need for low cost, low power,
high quality and versatile audio frequency tele-
metry components. Available in standard constant
bandwidth channels from 340 to 3060 Hz with *125 Hz
deviation the TC-10 VCO satisfies requirements for
FM geophysical data telemetry in the frequency range
DC to 50 Hz by telephone, land line, or by radio
link. When used with the companion TC-20 Discrimi-
nator, 60 dB dynamic range (peak measurement is
achieved in the 0-10 Hz bandwidth.

Versatility and simplicity of installation are
assured by several special features incorporated
into the VCO that are not normally available at
such low cost. Eleven sensitivity ranges, from

MICROGEOPHYSICS



50 mv to 100 v full scale deviation, are selectable
on the front panel to facilitate system gain ad-
justments or multi-gain operations. Upper and
lower band edge deviations can be effected from a
front panel switch for ease in system setup and
servicing. Center frequency, deviation, and out-
put level can be monitored and adjusted from the
front panel. Output is transformer coupled for
flexible installation.

Power requirements are generous at *10 to 15
VDC at 15 ma for low power remote field instal-
lations. Small physical size is ideal for com-
pact field case installation (the TC-10 matches
the AS-110 amplifier in size and connector con-
figuration) or for high density packing in rack
mount multi-channel operations.

The TC-110 VCO represents state-~of-the-art in
circuit design, user convenience, and low price,
satisfying virtually all requirements for high
quality audio frequency FM telemetry.

Discriminator TC-20

The TC-20 Discriminator has been designed to £ill
a need for low cost, low power, high quality and
versatile audio frequency telemetry components.
Available in standard constant bandwidth channels
from 340 to 3060 Hz with +125 Hz deviation the
TC-20 satisfies requirements for FM telemetry of
-geophysical data in the frequency range DC to 50
Hz by telephone or land line or by radio link.
When used with the companion TC-10 VCO, 60 dB
dynamic range (peak measurement) is achieved in
the 0-10 Hz bandwidth. :

Several unique features are found on this low
cost phase-locked loop discriminator that nor-
mally are incorporated only in more expensive
units. A sense light on the front panel indi-
cates low carrier level. Provision is made for
a reference compensation tone and trim to effect
compensation for frequency shifts in multiplexed
tone bundles. The TC-20 also provides for an
auxiliary-test input on the front panel to faci-
litate service checks and adjustments. - The
carrier after filtering can be monitored from
the front panel and all major adjustments are
made with front panel controls. The input is
transformer coupled for. flexibility in installa-
tion.

MICROGEOPHYSICS



Power requirements are *10 to 15 VDC at 18 ma.
Output filters (3 pole Butterworth) at 1, 5, 10,
20, 50 Hz (3dB). are available, factory adjusted.
The panel width of 1-1/2" allows dense packing
in rack installations.

The TC-20 represents state-of-the-art in phase-
locked loop discriminators, offering the maximum
in flexibility and convenience features at the
lowest possible cost.

RF Telemetry Link
These RF telemetry links are -Monitron low-power FR transmitters
and receivers (manufactured by Monitron Corporation). The out-

put power is less than 100 mw. Specifications are shown below.

System Gains: The typical gains of each system with typical
settings are shown below:

System: MEQ-800 (Smoked Paper)
Filter Settings:

Hi = 30 Hz
Lo = 5 Hz
Geophone L4-C i
Gain Settings Displacement Gain at 20 Hz

60 0.04 x 10°
66 0.08 x 10°
72 0.16 x 10°
78 0.33 x 106
84 0.65 x 10°
90 ' 1.3 x 106
96 2.6 x 106

102 5.2 x 106

System: VCO-TELEMETRY-VR-60

Filter Settings VCO = 5 Volts/f.s.
Hi = 30 Hz VR-60 + 100 mv/mm
.o = 5 Hz

Geophone L4-C

Gains Settings Displacement Gain at 20 Hz
60 0.2 x 1068
66 : 0.4 x 10°%
72 .8 x 10°¢
78 1.65 x 106
84 3.25"x *10°
90 ‘6.5 x 10°
96 ‘ 13.0 x 10°
102 26.0 x 10°©

MICROGEOPHYSICS



DATA

An example of the output of a microearthquake system is shown
in Figure 5. The smoked-paper output is shown in Figure 5(a)
while Figure 5(b) and Figure 5(c) are the same earthquake re-
corded on magnetic tape and played back at two different speeds.
The playback format is illustrated in the figure.

The smoked-paper record is used at the time of the recording

(in the field) to estimate the seismicity and to locate any
recorded microearthquake approximately. The paper records can
be picked under magnification to a precision of less than %30
ms. The magnetic tape playbacks are then used to increase the
timing precision of an event to +10 ms., a precision close to
the subjective level of interpretation by an experienced seis-
mologist. The magnetic tape playbacks are also useful in in-
creasing the effective gain of recording and thereby recording
very small amplitude events. In noisy areas, the tape playbacks
can be used to recover data obscured on the paper monitor records
by cultural noise on adjacent traces.

MICROGEOPHYSICS
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‘Microearthquakes

The correlation of microearthquakes and commerical geothermal
reservoirs is empirical. However, a high rate of seismicity

is a sufficient ingredient in several geothermal system models.
One such model is based on the probable chemistry within a con-
vecting system. As hot water or steam rises closer to the sur-
face, it cools slightly and precipitates considerable material.
Without the production of fresh conduits, the system will be
plugged and the efficient convection mechanism will be terminated.
Another model simply requires a fractured medium for deep con-
vective circulation of meteoric waters to depths at which the
normal gradient will produce commercially useful temperatures.
In the second model, contemporary fracturing is not necessary.
However, the best evidence for the existence of fractures may be
present seismic activity.

Almost all sets of earthquakes for which magnitudes have been
measured, follow an inverse straight-line relationship between
the log of the number of earthquakes and magnitude. In general,
a decrease in magnitude by 1.0 is accompanied by an increase in
a factor of 10 or more in the number of events occurring. Thus,
if the detection capability can be increased by one magnitude,
10 or more events will be recorded for every one previously
recorded. To do this, a prospect area is blanketed with seismic
stations at a nominal station spacing of 4-6 km. These stations,
recording the ground motion at displacement gains of 1-3x10°® at
20 Hz, will record seismic arrivals of earthquakes down to
Richter magnitude zero or below. Timing resolutions between
stations is held to less than a few milliseconds and time dif-
ferences of the arrivals for any pair of stations is determined.

In order to locate an event in space, a velocity distribution
must either be assumed or determined. .Most velocity models are
one dimensional with the veélocity varying between constant velo-
city layers. Other models allow the velocity to increase lin-
early with depth or with vertical travel time. Ignorance of the
exact velocity model causes an accuracy problem in the computed
locations. However, precision is affected little by the velocity
model.

Microearthquake signals are dominated by frequencies between

5 to 25 Hz, making the picking of the onset somewhat subjective
at the 25 ms level independent of the playback speed. This type
of error causes the location to lose precision. This error can
be controlled by a trained seismologist whose picks will be
consistent.

MICROGEOPHYSICS




The size of the expected location error is not easily addressed.
The problem is complicated by geometry, velocity models, and
geology. However, for an event recorded on eight or more sta-
tions with a nominal station spacing 5 km and minimum timing
and velocity errors, the location should be precise to within
t% km in plan and *1 in depth. Errors in the computed location
will increase outside the network of stations.

Once the event locations are finalized, their relationships with
possible geology or active faulting can be made. The statistics
of occurrence can also be used to characterize an area. A list
of products from a microearthquake survey follows:

- ® Hypocenter Map
® Fault Plane Solutions
® Occurrence Statistics
Event list
Recurrence curve .
Clustering statistics (swarming)
® Rock Properties Distribution -~
Velocity distribution
Poisson's Ratio distribution
An interpretation of the above results in
terms of active fault identification and
modes of deformation, identification of
volumes of rock with anomalous properties,
seismic safety, and recommendations.
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