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1.0.0 INTRODUCTION 

From September 10 to September 22, 1978, MicroGeophysics Corporation 

conducted a passive seismic survey in the area of Tuscarora, 

Nevada (see location and index map). Passive s e ismic mapping tech­

niques have been important and useful for ge o t hermal exploration. 

These seismic techniques are derived from classical seismology and 

include microearthquake mapping, and measurement of acoust ic rock 

properties. Both of these methods will be discussed below. 

1.1.0 Microearthquake Mapping 

Microearthquakes are natural, discrete, seismic disturbances. These 

disturbances are the result of catastrophic r ock ~ailure under 

stress. Microearthquakes and microearthquake systems o f varying 

activity levels have been observed at every proven geo thermal area. 

Microearthquakes and the implied contemporary t ectoni sm are a 

necessary ingredient for a commercial geothermal occurrence (Lange 

and Westphal, 1969; Ward and Bjornson, 1971; Ward a nd J acob, 1971; 

Hamilton and Muffler, 1972; Ward, 1972; Combs and Hadley, 1977 ). 

Microearthquake activity indicates that active t e c tonis m is cur­

rently occurring, therefore the associated poros ity and permea­

bility are being augmented. The zone of increa sing porosity and 

permeability can be an excellent geothermal t arge t . The zone may 

contain either the reservoir itself or the c irculati on path f or 

geothermal fluids. Of course the microearthquake method does no t 

directly indicate sufficient temperature or sufficient water re­

charge for a commercial system. 
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~ 	 Mapping of discrete events for a geothermal area produces data 

about fault locations. First-motion studies produce data on the 

type and style of faulting and the direction of motio n on faults. 

The statistics of occurrence of microearthquake s are used to com­

pile a recurrence curve and to characterize and compare active 

geothermal areas. Some rock properties such as Poi s s on ' s Ratio 

can also be mapped utilizing local events. The location and style 

of faulting, characteristics of activity, and mapping of rock pro­

perties aid in the geologic understanding and . del ineation o f a 

geothermal system. 

1.2.0 Rock Properties, P-Wave Delay 

A change in temperature will change the velocities of S- and P-

waves in rock slightly. The acoustic attenuatio n of sound waves 

in rock is more dependent on temperature than is v eloc ity. Frac­

tures in rock change the S- and P-wave velocity in r ock to some 

degree. The effect can be most easily observ ed as changes in the 

ratio of S-wave to P-waVE velocities. Thus , if attenu a tion and 

the velocities can be measured with some degree of confidence, it 

may be possible to isolate two of the requirements f o r a commercial 

reservoir; i.e., high fracture poros~ty and r oc k at elevated 

temperatures. 

Reliable sources of S- and P-wave energy include regio nal earth­

quakes (distances greater than 200 km) and i ndustrial - blasting 

events. These events and the high frequencies i n s ome t eleseisms 

are useful if phases can be separated into ei the r S- or P-wave 

type of energy. A frequency-dependent transfer function between 
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each station and a master station can then be calculated. The 

amplitude spectrum of this function will indicate the amount of 

attenuation taking place and the phase spectrum wil l indicate 

the time shift of the data. These values can be compared to a 

homogeneous model and anomalous areas isolated. 

If S- and P-wave arrivals can be analyzed separate ly , both velo­

cities and attentuation for the two modes of propagation can be 

calculated. If both S-wave and P-wave delay are calculated, a 

nonlinear combination of the two velocities, i. e . , Po i s s on's 

Ratio can be calculated. The Poisson's Ratio c an be us e d to de­

lineate areas of anomalous fractures. The variation of Poisson's 

Ratio with fracturing, however, is not straight forward. For ex­

ample, the Poisson's Ratio will decrease in general as fracturing 

increases. However, Poisson's Ratio may increase if the fractures 

are fluid filled. 

The following report includes a section on geology and hi storical 

seismicity, and sections on operations, microearthquakes and rock 

properties. The final section is a surrunary of the c o nclusions 

from each of the previous sections. Appendices include inforrna­

tion about the instruments used, the methods used, and a log of 

the microearthquakes detected. 
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2.0.0 HISTORICAL SEISMICITY AND GEOLOGY 

2.1.0 Historical Seismicity 

Figure 2.1 is a plot of the historical seismic ity for Nevada in­

cluding years 1940 to 1974 (NOAA). The area near Tuscarora has 

not experienced any nearby macroearthquake activity in the 30 

years observation period. 

2.2.0 Geologic Setting 

The Tuscarora prospect is situated in Northern Nevada a pprox i­

mately 60 miles north to Elko, Nevada. 

The stratigraphy of the area is comprised of a sequen ce of 

Paleozoic sediments in contact with large bodies of Cenozoic 

volcanics mainly comprised of rhyolitic valcanics. The fault 

style is complex with thrust fault and normal f aulti n g . 

The Jack Creek fault striking nearly north-south is a dominent 

feature within the area of interest. A second f ault s ys tem 

strikes east by northeast and may constitute a maj or fa ult direc­

tion. Figure 2.2 is a generalized geology map fo r t he area . 

MICROGEOPHYSICS 
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3.0.0 OPERATION 

A passive seismic survey was conducted near Tuscarora, Nevada, from 

September 10 to September 22, 1978. Eleven days of r e c ord ings wer e 

obtained. Four to eight stations were operational on anyone day 

(see operating schedule). The array was modified da ily ; a t otal of 

30 stations were occupied. A station location map is shown in 

Figure 3.l. The station coordinates are listed in Table 3.1 and a 

detailed operations schedule is shown in Figure 3.2. 

Each station of the passive seismic array consists of an MEQ-800-B 

smoked-paper recorder system with a companion d igital magnetic tape 

recorder (see instrumentation appendix) . Station l ocations were 

determined by considerations of access, specific a rray geome try 

and uniform coverage of the target area. Once a nominal s ta t ion 

location was available, the location with the highest ga in was 

selected. Where hard rock outcrops were available, the seismometer 

was cemented to the outcrop and then covered by soil to eliminate 

poss ible wind noise. When hard rock was not avai l ab l e the seis ­

mometer was buried from one to two feet within the soil . The data 

quality was generally good with ~ less than five percen t loss due to 

wind or cultural noise. 

MICROGEOPHYSICS 
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STATION 


1 


1A 


2 


3 


4 


5 


6 


riA 

6B 

7 


8 


8A 

9 


10 


lOA 


lOB 


11 


11A 


IlB 


lle 


IlD 


12 


12A 

TABLE 3.1 


STATION COORDINATES 

X (krn) 

0.30 


-4.65 


0.75 


-3.69 


-5.32 


-1.13 


5.65 

1. 75 


-0.68 


3.23 


-1.18 


-3.00 


-2.34 


0.56 

1. 91 


0.49 


-1.07 


-2.86 


-2.86 


-1. 22 


-1.12 


-4.12 


-6.12 

Y (krn) Z (krn) 

-6.25 0.25 


-3.27 0 . 33 


-3.90 0.29 


-7.30 0.21 


-6.25 0.32 


-1. 55 0 . 30 


-2.41 0. 4 7 


-3.14 0.34 


0.65 0.44 


-6.19 0 .29 


-3.19 ' 0 .26 


-1. 23 0. 3 9 


-5.32 0.33 


5 .6 0 0. 36 


1. 00 0. 48 

4.15 0 .50 


8. 0 0 0.24 

6.68 0.27 

'5.22 0.53 

4.16 0. 54 


2.78 0.45 

8.14 0.40 

5.56 0.34 
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l2B -4.37 4.45 0. 45 

l2C -2.65 1. 84 0. 50 

13 -7.20 3.13 0 ~ 28 

14 -6.90 -3.50 0 . 21 

l4A -6.50 -0.77 0.21 

l4B -5.06 4.42 0.47 

Station coordinates X, Y, and Z are kilometers 

+X East 

+Y North 

Altitude datum is 1.5 km above sea level. 

Origin is at longitude 116 0 06.73' West, and latitude 41° 29.51' North. 
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4.0.0 MICROEARTHQUAKES 

4.l.0 Introductioh 

The following section of this report concerns the microearth­

quakes detected during the Il-day passive seismic survey near 

Tuscarora, Nevada. Microearthquakes occurred sporatically 

during the Il-day survey. Included within the mic roearthquake 

section of this report are discussions of the detection thres­

hold, velocity model, hypocenters, event occurrence statistics, 

estimated strain release and a fracture-area map , first-motion 

studies, and Poisson's Ratio map. 

The section concludes with an interpretation of the microearth­

quake data presented. 

4 .2 .0 Observations 

4.2.1 Detection Threshold 

The detec t ion-threshold distance is defined as the l argest hypo­

central distance at which a given magnitude earthquak e will pro­

duce a trace displacement on the detecting instrumen t of at least 

2 mm. Therefore, any event within the detection-threshold dis­

tance would be detected on at lease one station if t h e event 

exceeds the magnitude for which the detection-threshold distance 

is calculated. The detection-threshold distance f or Richter 

magnitudes -1.0 and 0.0 are 4 and 7 km from each station. A 

magnitude -0.5 event occurring within the Tuscarora survey area 

would have been detected during the Il-day survey. 

M ICROGEOPHYSICS 
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4 .2. 2 Velocity Model 

The velocity model used to locate the microearthquakes has the 

form of a linear increase of velocity with depth. This model 

has two parameters: an initial velocity at the datum and a · 

rate of change of velocity with depth. The va lue o f these two 

parameters is adjusted to produce the best lea st-square fit to 

the measured time arrivals of the microearthquakes. In this 

case, the velocity model that produced the best fits was a 

linear-increase-with-depth velocity model with an initial velocity 

of 3.5 km/sec and an acceleration of 0.14 km/sec/km . Figure 

4.1 shows the resulting velocity model. Also shown on Figure 

4.1 is a layered velocity model as reported by Hill and Pakiser 

(1966). The layered model agrees favorablely with the derived 

linear increase of velocity with depth model. 

4.2.3 Hypocenters 

Plate 4.1 illustrates the hypocenters located. A list of all 

located events is contained in Table 4.1. Plate 4 .2 shows 

cross sections. 

4.2.4 Occurrence Statistics 

Figures 4.2 and 4.3 are plots of the number of events versus the 

time of occurrence. Figure 4.2 plots the number of events versus 

the day of the survey. Of the total 108 events, 103 occurred 

on day 260 (September 17, 1978). Figure 4.3 de tail s the 

occurrence of events by the hour within day 260. The occurrence 

of events splits into two groups, one at 5 hours to 11 hours, 

with 58 events and the second at 14 hours to 16 hours with a 

total of 45 events. 

MICROGEOPHYSICS 
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UCT 
ORIGIN 

DAY TIME 

254 16 : 03:43.72 

255 23 :50:10.57 

256 18:37:33.56 

260 05 : 0 3:33.96 

260 05:04:12.97 

260 05:12:26.44 

260 05:14:09.52 

260 05:15:41.21 

260 05 :18:40.79 

260 05 : 19:01.14 

260 05 : 23:25.54 

260 05 : 24:29.21 

260 05 : 24:45.55 

260 05 : 25:42.59 

2 60 05 : 2 7:16.24 

260 05 : 29:26.02 

260 05:45:33.14 

260 05:46:22.91 

260 05:47:47.65 

26 0 05: 52 : 12.69 

260 05:52:19.39 

260 05 : 57:37.60 

260 06:03:10.88 

260 06:03:41.80 

260 06:08:48.97 

260 06:09:44.63 

TABLE 

EVENT 

Tuscarora, 

X (krn) 

7.5 

7.1 

0.4 

2.4 

9.3 

1.5 

6.3 

6.5 

7.2 

5 . 7 

4.8 

2.2 

2.4 

6.2 

4.5 

9 . 0 

3.5 

4.8 

4.6 

2.7 

1.6 

2.5 

1.9 

4.3 

4.8 

11. 8 

4.1 

LOG 

Nevada 

Y(krn) 

-5.8 

-5.2 

4.8 

-11.2 

-4.4 

-1.2 

-6.1 

-1.9 

-5.0 

-11. 3 

-2.6 

5.1 

-0.8 

-6.8 

0.1 

-3.5 

-0.6 

-1. 7 

-3.0 

-3.4 

-1.0 

-2.2 

-1.0 

-1. 5 

-3.8 

-1.1 

Z (krn) MAG 

9.3 0. 1 5 

5.7 1. 31 

4.7 1. 47 

4.0 0 . 25 

0.0 0. 45 

7.3 0 . 55 

10.9 1. 34 

9.0 0 . 45 

10 . 0 0 . 03 

8.6 0 . 89 

10.2 - 0 . 05 

9.7 0 .4 5 

5.7 0 . 5 0 

9.8 0 .4 7 

5.6 0 .5 3 

10.7 0 . 07 

5.8 0 . 0 5 

8.8 -0 . 24 

9.6 0 . 33 

9.6 0 .5 2 

10.0 0 . 2 3 

7.5 0 . 0 6 

5 . 1 - 0 . 25 

8 . 8 - 0 . 22 

9.9 1. 38 

0 . 0 0.33 

http:06:09:44.63
http:06:08:48.97
http:06:03:41.80
http:06:03:10.88
http:57:37.60
http:05:52:19.39
http:05:52:12.69
http:05:47:47.65
http:05:46:22.91
http:05:45:33.14
http:29:26.02
http:27:16.24
http:25:42.59
http:24:45.55
http:24:29.21
http:23:25.54
http:19:01.14
http:18:40.79
http:05:15:41.21
http:05:14:09.52
http:05:12:26.44
http:05:04:12.97
http:03:33.96
http:18:37:33.56
http:50:10.57
http:03:43.72
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UCT 
ORIGIN 

DAY TIME X(km) Y(km) Z (km) MAG 

260 06:11:26.10 4 . 5 -3.0 10.0 0 . 07 

260 06:11:48.05 5.5 -5.7 9.3 1. 78 

260 06:13:38.54 5.0 -2.7 9.4 0.25 

260 06:16:58.00 8.7 1.1 7.7 0 . 51 

260 06:17:53.06 7 . 9 -3.9 11. 2 1.13 

26 0 06:24:22.95 4.4 3.6 4.5 0 . 29 

260 06:24:54.02 6.0 -7.1 8. 7 0 . 9 4 

260 06:29:32.82 9 . 9 -0.4 8 . 6 0.54 

2 60 06:37:16.65 4 . 3 2.1 9 . 0 0.9 4 

260 06:50:58.18 7.8 -3.5 1 0 . 6 1. 5 4 

260 06:52:31.37 4.2 -5.9 3.4 0 . 05 

260 06:56:27.57 4.5 -2.5 9 . 5 - 0 . 23 

2 60 07:01:02.32 1.7 2.7 3 . 8 -0 . 43 

260 07: 01:55.97 1. 3 2.5 8 . 3 0 .38 

260 07 : 12:27.00 4.5 -3.2 9 .9 0.4 6 

260 07:14:42.03 5 . 2 -3.2 7 . 2 -0 . 2 7 

260 07:14:56.51 7 . 5 -8.3 13 . 9 - 0 . 17 

260 07:49:36.05 4.7 -2.5 10 . 9 0. 53 

26 0 07 : 54:38~85 1.3 1.7 7 . 7 - 0 . 01 

260 07:55:25.14 -4.2 -2.5 10 . 4 0 . 4 3 

260 07 : 57 :18.89 5.0 -2.8 10 . 3 -0 . 38 

260 08:59:01.80 4.1 -2.0 9 . 5 0.74 

260 09 : 38:40.92 6.4 -10.5 0 . 0 - 0 . 53 

260 09:51:40.02 13.7 -0.4 0.0 0 .09 

260 10:34:34.40 1.8 5.0 1 4 . 3 0 . 45 

26 0 14:44:43.47 1.7 -1.5 7 .8 0 .27 

260 14:46:03.71 9.7 -11. 8 6 . 0 0 . 04 

260 14:47:56.53 3.7 1.7 3.8 0.28 

260 14:50:05.13 4.2 5.4 2.0 - 0 . 0 3 
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UCT 
ORIGIN DEPTH 

DAY TIME X(km) Y (km) Z (km) MAG 

260 14:51:41.02 7.8 -3.9 5 .3 -0. 07 

260 14:52:41.93 9.2 -10.2 6.5 -0.48 

260 14:54:38.23 4.0 -2.3 11.5 0.9 8 

260 14:55:20.31 6.2 1.3 8.7 0 .9 0 

260 14:55:37.61 1.9 0.2 11.5 0. 86 

260 14:58:34.68 6.5 -4.3 3.2 0. 0 8 

260 14:58:58.53 4.0 1.3 10.3 0.14 

260 15: 00:29.94 7.8 -3.9 2.8 0. 0 7 

26 0 15 :00:52.27 7.7 -5.2 8 .2 0 .36 

260 15:01:13.43 4.1 -7.0 4.5 0.92 

260 15 :01:39.73 3.4 -~.7 10.0 0.45 

260 15:01:57.06 2.8 -5.7 11.2 1.18 

2 60 15 : 02 : 51. 08 0.8 1.7 9 .2 0.95 

2 60 15 :0 3:24.62 9.9 -0.4 3.2 0. 45 

260 15 :0 4:00.37 8.1 -7.5 12.4 0.76 

260 15 :0 4:38.78" 6.3 5.0 3 .2 0.36 

260 15:06:44.25 7.5 -5.4 11.5 -0.15 

26 0 15 :06 :59.84 10.2 3.6 0.0 1.14 

260 15:08:43.27 -0.3 2.6 12.7 1.18 

260 15:09:32.84 2.8 0.1 4.8 0. 43 

2 60 15: 12:00.3 8 5.8 -10.4 6.7 0.14 

260 15:16:25.17 7.5 -3.8 13.8 · 2.44 

26 0 15:17:20.87 5.0 -0.2 8.9 1.18 

260 15 :1 8:33.69 1.7 3.2 8.5 0.41 

26 0 15:41:15.02 4 .2 -9.4 8 .2 1.38 

260 15:46:16.27 5.4 -4.7 4.2 0.90 

26 0 15:50:01.87 3.5 -1.9 7 .9 1. 06 

260 15:56:52.33 3.1 -1.3 7.9 0.31 

Altitude datum is 1.5 km above sea level. 

Origin is at longitude 116 0 06.73' West, and 
latitude 41 0 29.51' North. 

http:15:56:52.33
http:15:50:01.87
http:15:46:16.27
http:15:41:15.02
http:18:33.69
http:15:17:20.87
http:15:16:25.17
http:15:12:00.38
http:15:09:32.84
http:15:08:43.27
http:15:06:59.84
http:15:06:44.25
http:04:38.78
http:04:00.37
http:03:24.62
http:15:01:57.06
http:01:39.73
http:15:01:13.43
http:00:52.27
http:00:29.94
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http:14:58:34.68
http:14:55:37.61
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A 	characteristic of seismicity is the recurrence ·c urve . The 

I 	 recurrence curve is a plot of the earthquake magnitudes versus 

the log of the cumulative number of earthquakes. This plot is 

typically a linear plot which indicates that for a give n magni­

tude event a larger number of events will occur at a lesser 

magnitude. For a slope of -1.0, a ten-fold increase in the 

number of events will occur for a decrease in the magni tude of 

one. 

The recurrence curve shown in Figure 4.4 is based on all t h e 


natural microearthquakes recorded at Tuscarora. An event is 


designated as a microearthquake when the event has a s imi lar 


signature to other well recognized events. A b-slope o f -1.0 


is shown for comparison. A b-slope of -0.9 is cons ide r ed an 


average value for worldwide seismicity. 


Figures 4 . 5 and 4.6 are recurrence curves for the two popula­


tions of events previously described. Again each is shown with 


a comparison slope of -1.0. 


As the magnitude decreases, the number of earthquakes detected 


no longer fits the straight line. This phenomena is c a used by 


the decreased capability of the array to detect these very small 


(less than -1.0 magnitude) events. An empirical detection thres­

hold is determined to be the approximate point tha t the recurrence 

curve departs significantly from linearity at small magnitudes. 

It can be seen from Figures 4.4, 4.5, and 4.6 that this point 

is about 0.0 magnitude. Therefore, it can be surmised that a l l 

events with magnitudes greater than 0.0 that o ccurred during 

this survey were detected. 
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4 .2 . 5 Strain Release 

The relationship between strain release and magnitude established 

by Richter is: 

m2LOG ! O E = 9.4 + 2.14 m - 0.054 

S = (E)~ 

Where E is the energy released in ergs 

S is the amount of strain released in (ergs) ~ 

And m is the magnitude (Richter). 

The purpose for estimating strain release is to get an idea of 

the total energy and the total area of fractu ring i nvolved in 

the recorded seismic events. 

The strain release was calculated from assigned magnitudes. The 

total strain release for the locatable earthquakes is es timated 

to be 4.04 x 10 7 (ergs)~ and corresponds to an e qui valent amount 

of strain released from an earthquake of magnitude 2.92. 

Plate 4.3 is a contour map of strain release in the survey 

area for the locatable earthquakes detected during this 11 day 

survey. 

4.2.6 First-Motion Studies and Cross Secti ons 

~j~~~~ If seismographs record the direction of the fi rst motion of 

the seismic energy at several azimuths from the e vent , the 

, double-co uple model of rock fracture will yield fau l t p l a nes. 

£::.....A set of two orthogonal fault-plane solutions a re determined ; 

the preferred solution is denoted the fault-plane so lution and 

~ . the other, the auxiliary solution. Trends of hypocenters or 

M ICROGEOPHYSICS 
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mapped geologic structures are helpful ~n determining the 
~~,. 

:I preferred solution. 

Fault-plane solutions are shown in Figures 4.~ and 4 .8. Each 

motion is also shown in its hypocentral posi t i on o n Figure 

The first-motion plots are upper hemisphere pro j ections of 

emergence angle. The direction of the firs t-motion, 

or compression, is plotted. Since none of the events 

to the network, control of first-motion plo ts was 

optimal. 

4.2.7 Poisson's Ratio 

If the S-P times for a specific event are plotted ve rsus the 

at several stations, the r esul tant 

straight line if the subsu rface is 

The 	point where this line crosses the S - P = 0 

origin time of the earthquak e . If 

inhomogeneities in the subsurface are suspected, a nd an origin 

~~~~is available from the computer fit to the data, a straight l ine 

'- ' can be drawn between the computed origin-time a nd the point 
~-~ 

corresponding to each station. This line defines the a verage 
~~~~ 

~~~~~~crustal properties along the line from the earthquake location 

to the station. The crustal property defined is the P-wave 

S-wave velocity ratio. The ratio is equal to the slope of 

....., - .v the line plus 1.0. Such a plot is known as a Wadati p l ot 

~-••M (Figure 4.10). Individual-event Wadati plots were made for 

events. It should be noted that the P-wave t o S-wave 

MICROGEOPHYSICS 
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velocity ratio acquired for each event is correct only along 

the raypath between the specific event and a parti c ular 

station. The purpose of the composite is to give ave r age 

values for the ratio under each station. 

Another way of displaying the data is to convert the ve l ocity 

ratio to Poisson's Ratio. The equivalent Poisson's Ratio for 

different slopes is also shown in Figures 4.7 & 4 . 8 . 

Once the Poisson's Ratio is determined for a spec i f ic rayp a th 

joining a station to an event location, the projec t i o n of the 

raypath on the surface is plotted on a map. The Po isson's 

Ratio maps are shown in Plates 4.4 and 4.5. Mos t o f t he area 

is near a normal Poisson's Ratio: 0.25 ± 0.05. 

4.3 . 0 Interpretation 

The area highlighted by this 11 day survey is t he northe astern 

basin boundary fault and the Jack Creek Fault area. 

The microearthquake activity in this area indicates a lmost 

vertical faulting with a slight dip to the south - southwes t . 

Although the first-motion studies are not well control led, a 

west-northwest fault trend should have a strong r i ght- l a teral 

strike-slip component. Most of the activity appears t o occ ur 

at the intersection of the Jack Creek with the b a sin . Th e 

strain release is highly dominated by the magni tude 2 .44 

earthquake which occurred at the northeast corner of the basin. 

M ICROGEOPHYSICS 
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The Poisson's Ratio is primarily controlled by the very high a 

- I 	basin sediments which appear to be quite deep, in contr ast t o 

the very low a hard rock mountain range. However, again the 

highest Poisson's Ratio is found at the north-northeasterly 
~~~ 

of the basin. 

f I.-. 
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5.0.0 P-WAVE DELAY 

The P-wave delay technique can be used to delineate area s within 

a prospect where anomolously high velocity or low ve l oc ity material 

exists. A change in velocity can also result from a change in the 

structure. A deep section of sediments relative to near surface 

basement would result in a relative delay in the transmission of a 

teleseism. This resultant delay would not be a prduct of a change 

in velocity. 

The P-wave delay technique can be used to delineat~ the geologic 

structure and therefore aid in the characterization of the geo­

thermal potential of a prospect. 

S.I.O Procedure 

Seven distant seismic events were recorded and used to generate 

residual travel times. Residual travel times are defined as the 

difference of the assumed model, which in this case is a plane 

wave transmission, and the observed wave front. The residuals are 

corrected for station elevation differences. The corrections in 

milliseconds are generated to datum by assuming a velocity and 

calculating, from the distance, the time correction. Since the 

origin time for the distance events is normally not well contro l led, 

a relative- travel time is used to generate the residuals. Realtive 

residuals are then used to generate a distance for a giv en veloc i ty 

model. These distances from each station to the veloc ity interface 

surface is drawn. The interface surface highlights areas whe re 

either the velocity or structure is anomalous. 
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5.2.0 Observations 

Seven distant seismic events were recorded and used to cons truct 

the data base for the P-wave delay study. Table 5.1 lists these 

events. Each event is plotted as a pseudo refraction. The 

azimuth of the plane wave arrival, the phase ve locity and the 

emergence angle if calculated from a data base provided by the NEl S 

(National Earthquake Information Service). The NElS data base 

include the seismic event location, magnitude and or igin time. All 

the pseudo refractions are shown in Figure 5.1 through 5.7. 

TABLE 5.1 

TELESEISM DATA 

EVENT TIME LOCATION 
NUMBER DAY HR:MIN DISTANCE LATITUDE LONGITUDE 

1 258 11:39 60.0 0 48 . 3l oN 1 54 .24° E 

2 ::56 15:15 7.9 0 37.2l'N ll6.2 loW 

3 257 02:36 89.0 0 49.85°N 78 .6 9°E 

4 ~57 11:00 2.20 42°53'54.l "N lI 3 °4 8' 34. 2" W 

5 259 15:35 107.0 0 33.21 0N 57 .3 5°E 

6 264 14:59 72.0 0 66.43°N 85.8 4° E 

7 259 23:38 89.0 0 25.63°S l78 .14 °W 

The P-wave attenuation studies included data from 5 events. 

These events are listed on Plate 5.4. This plate shown attenua­

tion in terms of relative signal strength for each of the 5 

event arrival azimuths. The relative signal strengths in db we r e 

calculated by comparing ground motion at each stat ion at one 

frequency to the average signal amplitude. The signal frequency 

for the 5 teleseisms was near 2 Hz. Therefore a spec trum com­

parison was not possible. The results of the attenuation studies 

are not at this time comparable to the P-wave delay results. 
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5. 2. 1 Event 1 is shown in Figure 5.1. This teleseisrn 

was recorded on 13 stations~ The three phases s hown r e present 

sequential peaks and troughs in the wave form. These are p icked 

to insure accuracy of the delay values. The large st delays are 

shown for stations 7 and 1 with advances at s tations 1 4, 5 , and 

2. 	 The position of the phase velocity line, however , is arbitary 

and was assigned to stations 13, 4, 3, 8, and lOA. These stations 

~.~.-~~ were interpreted to represent consistent geologic cond itions. 

5. 2 .2 Event 2 is shown in Figure 5.2. Thi s med ium dis­

tant event is a test shot from the Nevada test s ite. There were 

6 arrivals of good quality recorded. The larges t delays are shown 

_~.. __ 	for stations 10 and 11. An advance is shown for s tation 1 4 . 

5.2.3 Event 3 is shown in Figure 5.3. This te leseism was 

recorded on 13 stations. This event is a test s ho t f r om Russia. 

5 .2~ 4 Event 4 is shown in Figure 5.4. Th is event is the 

River shot. The origin time was 11:00:05.49 5 . The location 

and l13°4S'34.2"W longitude at an alt idude 

of 4,21S feet. The total poundage was 8,000 pounds . Three phases 

'.' were picked and represent a first arrival and two reflections. 
~-..,. 

5 .2. 5 Event 5 is shown in Figure 5.5. This event was 

recorded on 10 stations. 

5 .2. 6 Event 6 is shown in Figure 5.6. This event is an 

. ," 	 arrival from Russia and was recorded on 11 stations . Stations 7, 

13, and lOB show the largest delays. 

5.2.7 Event 7 is shown on Figure 5.7. This teleseism 

arrived 	in the Figi Islands and was recorded on 10 stat ions. Sta­

7 shows the largest delays. 
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5. 2 .8 Residuals 

Residuals are calculated from the psuedo refraction. The residuals 

are defind as the difference between an assumed plan e wave and the 

recorded data. Plate 5.1 shows the data plott ed. The station is 

shown as a lower hemisphere projection of the ar r iving ray. The 

values of delay or advance in milliseconds is s hown adjacent to the 

array and example is illustrated in Figure 5.8. 

5. 2. 9 Elevation Corrections 

A surface velocity of 3.5 km/sec was assumed and a d atum correction 

to sea level was calculated. The corrections ranged from 500 ms to 

650 ms. Since the absolute level of the correction is arbitrary , 

then any convenient level 'can be used. A level to produce all 

delays. The resultant data map, with the elevation correction made, 

i s shown i n Plate 5.2. 

5.3.0 Results 

The corrected residuals are used to generate d i s t ance r esiduals 

with an a s s umed velocity of 3.5 krn/sec. A 200 ms delay wou l d pro ­

duce "extra section" of +0.7 krn along the ray path direction. The 

vertical section change for an emergence angle of 25° would b e 

+0.63 krn. An arbitrary depth to the velocity interface was c hosen 

to be 2 krn below sea level. This ray length then i s a lso applied 

along the ray paths . Therefore, given a 25° emergence angle and 

a velocity delay of 200 ms, the ·calculated depth to the interface 

would be (1 .81 krn + 0.63 krn) 2.44 krn. Using this model , a reduc­

tion of the interface depth would occur for any de l a ys les s than 

90 ms. Plate 5.3 is a contour map of calculated depth to the 2 krn 

interface . This interface is approximately 3.5 krn be low the surface. 

This surface was drawn to represent the shape of the vel oc i ty 

structure at depth. 
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5.4.0 Previous Work 

Figure 5.9 illustrates the results from "crustal thickness in 

northern Nevada from seismic refraction profiles " p l otted are 

the depth to the P 
n 

interface at nearly 30 km depth. Th e P 
n 

interface has ha 7.6 km/sec velocity. 

5.5 . 0 Interpretation 

The P-wave delay data show a number of results. First , t h e 

Independence Valley Basin is reflected in the l arge depths to 

the veloc i t y interface (see Plate 5.3). Large depths to the 

north-west of the basin suggest that a thick section of sediments 

or an extension of the b a sin exists to the nort h -west o f the 

valley to t h e south-west of the springs. Lastly , a high struc­

tural ridge or high velocity structure exists from the springs to 

the north-east. A second ridge also extends south from t he s p r ing s . 

The P-wave data suggest that the spring area is a f ocus f o r complex 

velocity s t rucutre. These complexities may either be a result of 

complex fa ulting or alteration. Both model alternatives a re favor­

able to the occurrence of geothermal energy. 

The P-wave delay data is also consistent with the r esults o f the 

previous r e f raction shots in the area. The Tuscarora prospect 

lies at a transitional point in the depth to the Ma ho . This maj or 

transition suggest major crustal structure trending nearly east-

west through the Tuscarora property. This structure no doubt has 

an influence on the occurrence of geothermal energy in t h e northern 

Nevada area. 
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PASSIVE SEISMIC METHODS 

Introduction 

Conventional refraction and reflection seismic methods have 
been applied in some instances to the discovery of earth heat. 
However, the more widely used seismic methods are der i ved from 
c l assical seismology. This appendix will outline the use of the 
Passive Seismic Methods. The methods to be considered are the 
detection, location, and interpretation of the d iscrete seismic 
events called "microearthquakes", and the measurement o f the 
velocity distribution or structural properties called "wave delay 
and attenuation". 
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Microearthquakes 

The correlation of microearthquakes and commercial geo­
thermal reservoirs is empirical. However, a high rat e o f seis­
micity is a sufficient ingredient in several geothermal syst em 
models. One such model is based on the probable chemistry with­
in a convecting system. As hot water or steam rises c loser to 
the surface, it cools slightly and precipitates conside rabl e ma­
terial. Without the production of fresh conduits, t he system 
will be plugged and the efficient convection mechan ism will be 
terminated . Another model simply requires a f ractured medium for 
deep convective circulation of meteoric waters to depths a t which 
the normal gradient will produce commercially usefu l temperatures. 
In the second model, contemporary fracturing is no t neces sary. 
However, the best evidence for the existence of fractur e s may be 
present seismic activ ity. 

Almost all sets of earthquakes for which magnitudes have 
been measured, follow an inverse straight-line relationship be­
t ween the log of the number of earthquakes and magnitude. In 
general, a decrease in magnitude by 1.0 is accompanied.. by an in­
crease in a factor of 10 or more in the number of events occur­
ring. Thus, if the detection capability can be i ncreased by one 
magnitude, 10 or more events will be recorded for e very one p re­
viously r ecorded. To do this, a prospect area i s blanketed wi th 
seismic stations at a nominal station spacing of 4-6 km. These 
stations , r ecording the ground motion at displacement gai n s o f 
l-3xl0 6 at 20 Hz, will record seismic arrivals of earthquakes 
d own to Richter magnitude zero or below. Timing r esolutio ns be­
tween stations is held to less than a few mill iseconds and time 
differences of the arrivals for any pair of stations is deter­

·mined. 
~~.~..I~. In order to locate an event in space, a velocity distribution. _ 

must e ithe r be assumed or determined. Most veloc ity models are 
one dimens ional with the velocity varying between constant velo­
c ity layers. Other models allow the velocity to increase lin­
early with depth or with vertical travel time. I g norance 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 be­
tween 5 to 25 Hz, making the picking of the onset somewhat sub­
jective at the ±5 ms level independent of the playback speed. This 
type of error causes the location to lose precision. This e rror 
can be contro lled by a trained seismologist whose picks will be 
consistent. 

~he ' size of the expected location error is not easily ad­
·dressed. The problem is complicated by geometry, v eloci ty mo­
dels, and geology. However, for an event recorded o n eight or 
more stations with a nominal station spacing 5 km and min imum 
timing and velocity errors, the location should be precise to 
within ±~ km in plan and ±l in depth. Errors in the computed 
location will increase outside the network o f stations. 
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Once the event locations are finalized, their relationships 
with possible geology or active faulting can be made . The sta­
tistics of occurrence can also be used to . characteri ze an area. 
A list of products from a microearthquake survey fo llows: 

• Hypocenter Map 
• Fault Plane Solutions 
• Occurrence Statistics 

Event list 
Recurrence curve 
Clustering statistics (swarming) 

• 	 Rock Properties Distrubution 
Velocity distribution 
Poisson's Ratio distribution 

An interpretation of the above results in 
terms of a c tive fault identification a nd 
modes of deformation, identification of 
volumes of rock with anomalous properties , 
seismic safety, and recommendations. 
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Wave Delay and Attenuation 

Changes in temperature affect the velocity of roc k only 
slightly; however, the attenuation as it passes t h rough the 
rock is very dependent on temperature. Fractures c hange the 
velocity to some degree, but strongly affect the ratio of 
P-wave and S-wave velocities. Thus, if these fac tors c an be 
measured with some degree of confidence, it may b e poss ibl e to 
isolate at least two of the requirements for a c ommer cial 
reservoir, high porosity and rock at elevated tempe r a t ures. 

Such esperiments are best performed if an e xternal source 
o f seismic energy is available--either teleseismic or i ndus­
trial blasting events at distances such that the received energy 
is approximately homogeneous. A frequency dependent t ransfer 
function between each station and master station can be cal ­
culated. The amplitude spectrum of this function will indicate 
the amount of attenuation taking place and the phase spectrum 
will indicate the time shift of the data. These values c an be 
compared to a homogeneous model and anomalous area isolated. 

The interpretation models available for P-wa v e a n d S-wa ve 
delay and attenuation studies involve either a roc k property 
change o r structural change. The attenuative mo d e l s a r e am­
biguous and no choice can be made without independent data. A 
lis t of products from a P-wave delay study follows: 

• 	 P-wave Delay Map 
• 	 S-wave Delay Map 
• 	 P-wave Attenuation Map 
• S-wave Attenuation Map 


. • Event List 

• 	 Oc currence Statistics 
• 	 Interpretation of any anomalous velocity, 

structural, or attenuates with respect to 
potential geothermal occurrences. 
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INSTRUMENTATION 

Introduction 

The passive seismic system used for geothermal explorat ion 
and deployed by MicroGeophysics Corporation (MGC) is ~ hybrid 
system. The system consists of both independent sei s mographs 
and RF telemetered stations. The network station capability i s 
from six to ten stations. A schematic of the system i s shown 
in Figure 1. The independent stations are basical ly MEQ-a OO 
visual drum recorders, with an integral timing system synchro­
nized to universal coordinated time. As an option, the s e i smic 
signal can also be recorded by a continuous magnetic tape re­
corder. This independent station schematic i s shown in Figure 
1. The RF-telemetry system consists of from t wo to e i ght satel ­
lite stations with a central recording system. The s ate llite 
stations are comprised of a geophone, amplified voltage con­
trolled oscillator with a RF transmitter. 

The central system receives data from each of the satellite 
stations, discriminates them, and records them. The recording 
can be on smoked paper, and/or magnetic tape, and/or event r e­
cording on a high speed photographic recording. A schematic 
is shown in Figure 1. A detailed explanation of e a ch of the 
component parts for each system is given in t h e f ollowing 
sections . 

L4-C Seismometer 

The L4-C is a one-Hertz-natural-frequency vert i cal seismometer 
(mmufactured by Mark Products). The damping is 0.6 of c r itical 
damping. The L4-C has an output of 6.9 volts per inch/se c ond . 

... ~ A typical specification sheet is shown in Figure 2. 

As sensor options, · other geophones can be uti lize d . A com­
mon option is the L-IO geophone (manufactured by Mark Pro duc t s ). 
A typic a l specification sheet is also shown in Figure 2 . 

MEQ-800-B 
.. 

The MEQ-800-B is a visual microearhtquake recorder. The smoked 
drum rec ording has a nominal 120 mm/min rotation s p e ed with 1 mm 
spacing between succeeding traces. The stylus and t race width is 
0.05 mm. The amplifier has a maximum of 120 db of g a in and selec­
table corners at 1, 5, and 10 Hz. The high cut fi lter has selec ­
table 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 ±2S mm and can be limited under severe ground noise 
conditions to ±10 mm or ±S mm. 

The integral timing system consists of a clock, whose dr i f t 
rate is less than ±l partin 10 7 (approximately ±10 ms per day ) 
and can be set to standard time and adjusted at 16 ms increments . 
Time is displayed on each trace bya slight defl ection of t he pe n 
each second. 
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SYSTEM SCHEMATIC 

TELEMETRY STATIONSINDEPENDENT STATIONS 

4-5 Stations Avai l able"..~_.~ 4-5 Stations Available 
~ Remote Station Location Remote Station Loca t ion 

....~_~..&..J Components: Components: 

Geophone Geophone 
+ + 

Amplifier Amplifier 
+'" Filters Filter 

+ + 
*Recorder Voltage Controlled 

Smoked Paper Oscillator (VCO) 
Digital Tape (optional) '" RF Transmitt er 

CENTRAL STATION 

Components: 
RF Receiver 

Discrimina tor 

*Recorder 
Smoked Paper 
Event De tection 
Digital Tape 

*Timing supp lied by each station, synchronized daily. 

FIGURE 1 
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L4-C SPECIFICATIONS 


Open Circuit Damping (bo ) =0.28 Critical 

1.1 Rc
Coil Current Damping (bc ) = 

Rc + R~ 
Total Damping (b t ) = ba + be 

L-4C 1.0 Hz GEOPHONE 

Coil Resistance (ohms) 84 134 206 320 500 870 1280 2000 3500 5500 

Transduction 
(volts/inch/sec.) 0.87 1. 13 1.34 1.7 2. 1 2.8 3.5 4.2 5.55 6.9 

L·4C 1.0 Hz GEOP HON E 

TYP[ 

fREQUENCY 1.0 O.O!> Hz n'.,1.u,«,d on 100 pound 
W'fl eht ..t 0 .09 Inche~/M'Cond 

f REQU[NCY CHANGE WITH TiLT leu Ih~" 0 .05 Hz It 5 Itom ""'Ul 

fREQUENCY, CHANGE WITH [XCnATlO", Le"n th." 0 .05 HI from 0 to 0.09 
I nche'I'l"Co~ 

SUSP(ND£D MASS 1000 ,rim" 

STANDARD COIL RESISTANCES See Tlb'. 

L[AKAG[ TO CAS[ 

TRANSDUCTIO" f'OWER 8 .8a l0 J ....th inch ucond Of 
13.6 w.u, m.tet'. H'Con<l 

OP(N CIRCUIT CAMPING (bo)=0.28 <"',cal 

1.1 R,
CURRENT DAMPING (be) = A,":, Rc: 


wher.: R~ = c~ rftls.t.nc•. ohms. 

R1='hu". r"lstlnce "ohn'n 


COil INOUerAHC( (l~;: 0.0011 RI: 
to[ In~Mftr~. 

(l[CTRIC ANALOG or CAPACITY Cc: -= 73AS:O (""cro'.'~S) 
ELECTRIC A"ALOC OF '''DUCTANC[ L ... =O.3ot5R C' (~nrtft) 

CASE HEIGHT 5 1A. in(:~ - 13 em. 

CASE DIAMETER - l inc"'" - 7.6 c'" 

TOTAL DE"SITY 3.7 I,.m, cml 

TOTAL WEIGHT . ~/. pounds-2. J5 Il,k)rr.m, 
Transduction OPERATING TEMPERATURE R.nee: - 20 to 140 ' r 0' . 29 1060 C
(volts/ meter /sec.) 34.2 43.5 53 67 83 110 136 165 220 273 

OP[RATrNC PRESSURE ~OO PSI 
Coil Inductance: 
(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 85 58 37 21 13.4 

Analog Inductance 

(henries) 29 46.4 71 110 173 300 440 690 1200 1900 ' 


Shunt For 0.70 
Critical Damping 133 215 333 520 810 1400 2070 3250 5650 8900 

Shunt For 0.60 
Critical Damping 205 325 500 780 1220 2120 3100 4900 8500 13400 

., .-~ ~-- ...--­, ..... -- ­- -­- -...... I I I , 
/ ~, 1 I I r-; b- 7 I 1.__ 1 

! 
.0' I , 

! 17i ~, I , ... • 0' , 
! 

, I I . . I .. .' •• 1 I I 

I /. ~ I 

! 'I/VI I II i I I 
I I I I I 

! / I I 

Y' / , II I I 
II/ II II II. 
'1/ _ll_I_J.J,., I
'/ I I ' I t I.. .. . . . . - 0 _ . ­

L- IOA SPECIFICATIONS 

L-10B GEOPHONEL . 10A GEOPHONE 

Suspended Mass (m) .. , ..... . ... .. .... . m = 19 g ramsSuspended Mass (m) . . . ... .... ....... ..•.. 12.5 grams 


Open Circuit Damping (bo) ... . .. . ... bo = 4.2 ± 10% Open Circuit Damping (bo) . : .... .... . . bo = -+ ± 10% 
f 

b _ 10.5 - R.: ± 10% 
Coil Circuit Damping (be) be = 15.7' Rc ± 10% Coil Circuit Damping (be) 

e - f(R. + Re) feR. + Rc) 

5010 7330 

Analog Capacitance (Cd ...... . ... . Cc =--- Analog Capacitance (Cc) ... Ce = --

Re 
-


Rc 
Rc = Coil Resistance Cc = MicrofaradsRc = Coil Resistance Cc = Microfarads 

5.16' Rc 3 .41 • R.: 
Analog Inductance (lm) . ... . .. . lmAnalog Inductance (Lm) . , . ... . lm = f2 f2 

ff = geophone frequencr lm = henries 
L-lOS 4.51-1z 

Coil R.sistance (ohms) 21 34 54 ' \10 138 215 374 590 940 

Tran5duction 
(volts/inch/second) 0.193 0.245 0.30 0.387 0.49 0.60 0.80 0.98 1.25 

Coil Inductance (henries) 0.004 0.006 0.010 0.016 0.024 0.038 0.067 0.105 0 .167 

...nalol Capacitance
(micro farads) 350 216 136 81.6 53.1 34 .1 19.7 12.4 7.80 

"'nalog Inductance 
(henries) 3.58 5.82 9.24 15.4 23.6 36.8 64.0 102 161 
Shunt for 1.00 Critical 
Damping (ohms) 66.8 108.5 173 277 317 687 1200 1890 3000 
Shunt for 0.70 Critical 
Oamping (ohms) 191 311 494 824 1260 1750 3420 5410 8570 

Shunt for 0.60 Critical 
Damping (ohms) 315 512 814 1355 2080 3240 5640 8910 10425 ' 

2.33 Rc 
bo = .445 bc = FIGURE 2

Rc + Rs 

= geophone frequency lm = henries 

http:rftls.t.nc
http:bo)=0.28
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The frequency characteris,tics of the instrument wi th an 
L4-C are summarized in Figure 3. Both the velocity a nd dis ­
placement response for the MEQ-800-B microearthquak e syst em 

~I are shown. The displacement response at a particular fre­
quency (f) can be calculated by multiplying the velocity gain 
at f time 2~ f. The filter response and gain level s hown are 
typical settings for operations in the western continenta l 

" Uni ted States. 

DMTR 

The digital magnetic tape recorder (DMTR) is a twelve-bit 
100 sampler-per-second, reel-to-reel-tape recorder wh i c h re ­
c ords data continuously. Each data block begins o n the mi nute 
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 e ach 

/ ..... ';i .'7,~r; block. WWVB is recorded continuously on one bit o f t h e t a pe 
~- .--:-.-:....>. _format. The dynamic range of 72 db on this tape recorder a l ­
-:-" :;-,_• ...._ >•.·:' )1:, lows the r ecovery of data under exceptionally noisy condi t ions. 
~.~ ~~." ' 

'	 WWVB 

WWVB is the radio call code for the National Bure a u o f 
Standards 60 kHz time-standard station in Fort collins, Colo ­

,t'~.J~~",," ~ rado. The WWVB time standard is used to set and synchroni ze 
~~;it)~~ the m~croearthq~ake system clocks. As shown,in F igu: e 4 bel ow, 
~ - the s 1gnal c ons1sts of 60 markers each one m1nut e, w1th o ne 

~ .marker each second (time progresses from left t o r i gh t ) . Each 
. marker is generated by reducing the power of the carr i e r by 1 0 

~ .~.? ~ ~ db at the beginning of the corresponding second a nd restor i n g 

.•,,- , '-. to" i t . 

~~"'::--~ ' . . (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 . 
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I I I I ! I I , I ! I 

, ! I , , , It , ! ! , I ! ! I ! I I ! r , 
I I I r I I I ! ! , r ! I , I I r ! I I I r ! I 

Point A is 258 Days, 18 hours, 42 minutes and 3 6 seconds. 
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FIGURE 4 
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The WWVB code (as shown in Figure 3) is recorded dai ly on 
the visual drum as absolute time and date identification of the 
record, and is used to synchronize each MEQ system t o standard 
time. 

The MEQ systems' clocks are synchronized daily with WWVB by 
comparing (on an oscilloscope) the beginning of t he WWVB second 
pulse with the MEQ-800-B internally generated one- second pul se. 
This comparison can be done to ±2 milliseconds. Daily records 
are kept on the amount of correction for each c lock. 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 o f Stan­
dards 5, 10, 15, 25 mHz time standard station in Fort Coll ins, 
Colorado, as used by MicroGeophysics Corporation. The voice 
channel is used to generally coordinate time, whi le the second 
signals a re 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 Spreng­
nether Instrument Company). This amplifier ha s identical 
characteris tics to the Sprengnether MEQ-800 amplif ier . 

Telemetry 

The fo llowing are excerpts for the Sprengnether Manual f or 
the VCO and Discriminator equipment: 

Telemetry VCO TC-lO 

The TC-lO Voltage Controlled Oscillator has been 
designed to fill a need for low cost, low power, 
high quality and versatile audiO frequency tele­
mentry components. Available in standard constant 
bandwidth channels from 340 to 3060 Hz with ±125 Hz 
deviation the TC-lO VCO satisfies requirements for 
FM geophysical data telemetry in the frequency r ange 
DC to 50 Hz by telephone, land line, or by r adio 
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 a t 
such low cost. Eleven sensitivity ranges, from 
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50 mv to 100 v full scale deviation, ·are se l e c table 
on the front panel to facilitate system ga in ad­
justments or mul ti-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, a n d o u t ­
put level can be monitored and adjus ted from the 
front panel. Output is tranformer coupled for 
fl e x ible installation. 

Power requirements are generous at ±10 to 1 5 
VDC at 15 rna for low power remote field instal­
lations. Sma l l physical size is ideal for c om­
pact field case installation (the TC- I O matches 
the AS-lID amplifier in size and connector con­
figuration) or for high density packing in r ack 
mount multi-channel operations. 

The TC-IIO VCO represents state-of-the - a rt in 
circuit design, user convenience, and low price, 
satisfying virtual l y all requirements fo r h i g h 
quality audio frequency FM telemetry. 

Discriminator TC-20 

The TC-20 Discriminator has been designed to fi l l 
a need for low cost, low power, high quality and 
versatile audio frequency telemetry components. 
Avail able ±n standard constant bandwidth channels 
from 340 to 3060 Hz with ±125 Hz deviation t he 
TC-20 satisfies requirements for FM telemetry of 
geophysical data in the frequency r ange DC to 
50 Hz by telephone or land line or by radi o l ink . 
When used with the companion TC-IO VCp , 60 d B 
dynamic range (peak measurement) is ach ieved in 
the 0-10 Hz bandwidth. 

Several unique features are found on this l ow 
cost phase-locked loop discriminator that nor­
mally are incorporated only in more expens i ve 
uni t s. A sense light on the front panel i ndi ­
cates low carrier level. Provision is made for 
a r eference compensation tone and trim to e f fec t 
compensation for frequency shifts in multipl exed 
tone bundles. The TC-20 also provides f or a n 
auxiliary-test input on the front panel t o f aci­
litate service checks and adjustments. The 
carrier after filtering can be monitored from 
the front panel and all maj or adj ustments are 
made with front panel controls. The input i s 
transformer coupled for flexibility in insta l la­
tion. 
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Power requirements are ±10 to 15 VDC at 18 mao 
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 transmit­
ers and receivers (manufacturer Monitron Corporation ) . The out­

JNl.....'rn1ut power is less than 100 mw. Specifications are s hown bel ow . 

gains of each system with typical s et-

Paper) 

Filter Settings: 

Hi = 30 Hz 

Lo = 5 Hz 


Geophone L4-C 

Gain Settings Displacement Ga i n at 20 Hz 

60 0.04 x 1 0 6 

66 0.08 x 10 6 

72 0.16 x 10 6 

78 0.33 x 10 6 

84 0.165 x 10 6 

90 0.3 x 1 0 6 

96 2.6 x 10 6 

1 02 5.2 x 10 6 

System: VCO-TELEMETRY-VR-60 

Filter Settings VCO = 5 Volts / f . s. 
Hi = 30 Hz VR-60 + 1 00 mu/ mm 
Lo = 5 Hz 

Geophone L4-C 

Gains Settings DisElacement Gain at 20 Hz 

60 0.2 x 10 6 

66 0.4 x 10 6 

72 0.8 x 1 0 6 

78 1. 65 x 10 6 

84 3.25 x 1 0 6 

90 6.5 X 10 6 

96 13.0 X 10 6 

102 26.0 x 10 6 
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DATA 

An example of the output of a microearthquake system is 
:' shown in Figure 6. The smoked-paper output is shown ~n Figure 

~IJI.II~~IWI 6 (a) while Figure 6 (b) and Figure 6 (c) are the same earthquake 
recorded on magnetic tape and played back at two dif f e r ent 
speeds. The playback format is illustrated in t h e figure . 

·The smoked-paper record is used at the time of t h e record­
ing (in the field) to estimate the seismicity and to l ocate· any 
recorded microearthquake approximately. The paper r e cords can 
be picked under magnification to a precision of less t han ±30 
ms. The magnetic tape playbacks are then used to increase the 

:J~~	 timing precision of an event to ±lO ms, a precision clos e to the 
subjective l evel of interpretation by an experienced sei s mologis t . 

~~~ The magnetic tape playbacks are also useful in i ncreas i ng the 
~~~~~ effective gain of recording and thereby recording v ery small amp­
-- litude events. In noisy areas, the tape playbac k s c an be u sed 

to recover data obscured on the paper monitor records by cul ­
~~~..~ tural noise on adjacent traces. 
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-----------------------------------------------
. 5a 

5b 

STATION NUMBER ---_. 

GAIN IN db -­- --90. 

TIME (DAY,HOUR ,MIN)_1£;l) 1~ j 

STARTI NG SEC. ~" ~r::~ 

-Plot gain in db above station gain 

DRUM SPEED (MM/ SEC) ........ URn;p[): 1. O~ 

I I I I 

5c 

J 
90 

1::9 1 J J 
~;. ';:';J~ 

-

. 
~ 

I I I I I I I 

I I 
1.0 SEC 

A I-7 
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