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ABSTRACT

N. W. Nevada microearthquake investigations (NW NEV) were conducted -
during June and July, 1977, in Humboldt County of Northwestern Nevada.

Three significant microearthquake clusters were revealed: Denio (T.. 47 N.,

R. 34-35 E.); Craine Creek (T. 42 N., R. 27 E.), and Thousand Creek

(T. 46 N., R. 27 E.) During the two recording periods, magnitude esti-
mates suggest equal amounts of energy/recording day were released from
each of the three areas. Apparent velocity measurements indicate typical
Western U. S. media velocities at depth. Vp/Vs ratio estimates suggest
anomalous, 'low values near the surface. Denio microearthquakes indicate
normal faulting in that area; fault plane solutions for the other two
clusters were indeterminate. These microearthquake results suggest good

geothermal potential is present in the N. W. Nevada area.
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INTRODUCTION

Two, six-station, 9-km diameter, pentagonal seismometer arrays,
Figure 1, were deployed near the northern Nevada boundary in Humboldt
County and near the town of Denio. This N. W. Nevada area (NW NEV) has
known geothermal activity as evidenced by hot spring activity and anomalous
heat flows. The intent of the surveys was to delineate heat source prox-
imities as deduced by microearthquake activity.(Figure 1) and to determine
relative crustal movements along a NNE-trending fault passing through the
array centers. The recording period for the first array, NW NEV 1, was
June 16-30, 1977. The second array, NW NEV 2, was centered 16 km south-
west of the first array and operated during July 9-20, 1977. Specific
array coordinates are given in Appendix A. 2

During the two short recording periods, three significant microearth-
quake clusters were detected, Figure 1, and the enclosed plats. ~ Names
given to these clusters, their locations, and the number of events within
each cluster are:

TABLE 1
SUMMARY OF NW NEV MICROEARTHQUAKE CLUSTERS

g S - ” N Evcente.
Cluster Name Location o ) Per Cluster
Denio - T.47N., R.34-35LE.; Sec. 19,24 - . ) 39
Craine Creek T.42N., R.27E.; Sec. 2-3, 10-11 6

Thousand Creek T.46N., R.27E.; Sec. 22-23, 26-27 o 26

Each cluster includes "point source" events. That is, each event
from a cluster has nearly identical stepout times indicating common loca-
tions; only the amplitudes are different for point source events. Sample
events from each of these clusters are shown in Figures 2, 3, and 4.

Denio and Craine Creek clusters were detécted with the first, NW NEV 1
array, whereas the Thousand Creek suite was observed during NW NEV 2
investigations. Although the number of Craine Creek events are fewer than
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FIGURE 1. NW NEV 1 and 2 station locations and epicenters for
microearthquakes detected with both six-station surveys.
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those detected at Dénid, their significance becomes evident if one con-
siders that the distance to Craine Creek events (38.5 km SSW from the

NW NEV 1 array) is 3.5 times greater than the Denio distance (11 km north-
east from the NW NEV 1 array center). Seven events not associated with
the three clusters also occurred within 10 km of the two array péfimeters.

Apparent velocity vector mearurements, Appendix B, were used to
deduce location predisions and accuracies, to determine local event posi-
tion estimates, to assign directions to distant events, and to identify
media velocities. Apparent velocity measurements suggest two layers
with velocities of 5.6 and 5.9 km/sec overlie the granitic layer Pgq-s
which has a velocity of 6.4 km/sec. A deeper layer, sz(?), has ‘a veloc-
ity of 7.2 km/sec; this is followed by phase velocities of 8.1 km/sec
which are typical for arrivals refracted from beneath the Moho discontin-
ulty Vp/Vs measurements from 24 Denio and Thousand Creek events indicate
Poisson's ratio within array vicinities is n0.22.

First motions for Denio events (Figure 2) were different, depending
on station positions relative to the source. These events could be lo-
cated with hypocenter location procedures, and first motion plots suggest
normal faulting parallel to the NNE linear mountain front. The western
Pueblo Mountain Tertiary volcanic sequence moved upward relative to the
easternvvalley. First motions for Craine Creek and Thousand Creek Clus-
ters were identical at all stations; because these events were beyond the
arrays and because trace deflections were identical, relative crustal
movements could not be precisely deduced.

Event magnitudes discussed in this report are relative magnitudes,
My; that is, magnitudes were assigned with a heuristic equation relating
signal duration to event magnitude. Therefore, event magnitudes are
only known relative to one another and are not tied to the Richter mag-
nitude scale. Relative magnitude assignments are listed with event lo-
cations in Appendix B. (Tables Bl and B2). The energy released from each of
the three. cluster areas was %5x1013~energy units per recording day.

Teleseismic time delay studies cannot be con51dered for at least
another six months. NOAA is approximately one year behind in publlshlng
locations and origin times for large earthquakes. Figure 5 illustrates
a teleseism detected during NW NEV investigations. ‘

- The two seismometer arrays and field tape recording equipment were
deployed by J. Dillion. Analog data from the six vertical seismometers
for each-array were transmitted via FM telemetry to a central tape re-
cording site and recorded along with a WWVB time code on seven-channél
tape. Each 24-hour tape was played back at. the Tulsa office, initially

“at 10.1 cm/hour. Events selected from these compressed records were

expanded at two speeds for analysis: (1) signature records (0.45 cm/sec)
for reading WWVB and measuring relative time differences between phases, .
and (2) expanded records (11.6 cm/sec) for timing phase arrivals.

J. Hannah was the principal analysist for the NW NEV 1 events. P.
Caton reviewed this data, located events detected with the NW NEV 2 array,
and summarized survey results. ‘
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APPARENT VELOCITY VECTOR MLASURENLNTS AND THEIR RELEVANCE TO N. W NEVADA
EVENT LOCATIONS

Plane wave apparent velocity vector measureménts are regarded by
Senturion to be indispensable aids for improving event locations. Vec-
tor information is useful for the following reasons:

1)  Imprecise or incorrect arrival times are more
easily identified because crustal model assump-
tions are not included in the solutions.

2) Station correction times can generally be mea-
sured; hence array calibration is possible.

- 3)1  Good directions to events can be assigned pro-
vided events are impulsive and the array is omni-
directional and calibrated.

4y Good media velocity estimates can be deduced
from apparent velocities of events which have
been critically refracted.

5). For local events, the positioné to which epi--
center solutions should converge can be deter-
mined.

Tables B3 and B4 in Appendix B give final vector solutions for all
events. NW NEV 1 results do not include correction times, whereas those
for N¥ NEV 2 include elevation time corrections. For both surveys, least
squares apparent velocity results from uncorrected event data indicated
station residuals were azimuthally dependent and as large as 50 msec for
impulsive events. Using three-station vector. comparlson techniques in '
order to resolve difficulties encountered with least squares vector solu-
tions, it was evident that more than two stations required station cor-
rections. T"’ = was particv’arly true for M7 NEV 2 results. When more
than two stations require significant station corrections (v20- 50 msec) ,
precise station delay times are difficult to resolve. Had known impulsive
events been available at distances less than 200 km, improved vector solu- -
tions, .arid hence, location accuracies could have been obtained.

Because difficulties were encountered in determining precise station
corrections, NW NEV 1 vector solutions (Table B3) and event locations
(Table Bl) were calculated without station time corrections. The range
of elevations for this array was 207 meters (Appendix A), and the standard
deviation of elevation differences from the mean elevation was %142 meters.
In practlce, compensation for station delays related to these elevation
differences do not significantly affect vector results when arrays are
9 km in diameter.

The NW NEV 2 station elevation range (Appendlx A) was 560 meters;
the standard deviation of station heights from the mean seismometer ele-
vation was *210 meters. These values are relatively large for a 9-km
diameter array and can.have significant effects on vector solutions and
location determinations. Therefore, correction times were calculated by
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choosing 4.6 km/sec as the velocity to correct arrivals to the mean seis-
mometer elevation. These elevation time corrections did give better vector
solutions, but improved solutions could only be obtained by reducing Sta-
tion #1 weighting to % the normal value. Using 16 impulsive distant

events at different azimuths for array calibration purposes, applying
station elevation time corrections, and reducing Station #1 weighting,
average residuals for Stations 2-6 were within 5 msec but deviated within

- 20 msec for events at different azimuths. Station #1, which had least

effect on vector solutions (because of the reduced weighting), had average
residuals of -5 msec, but deviated within *60 msec, depending on event
azimuth. -

Reviewing apparent velocity tables in Appendix B, velocities for

-events greater than 20-km distant can be loosely lumped into the following

groups:
TABLE 2
N. W. NEVADA APPARENT VELOCITY GROUPS SELECTED FROM
‘ ' TABLES IN APPENDIX B ‘
~ Ap. Vel. '~ No. Of . Avg. Ap. Vel. _
Group Range, Events Within - For Group, - Comments
km/sec Group . km/sec

1 . 5.61-5.64 2 ‘ 5.6 ' Upper Layer

2 5.85-6.01 ' 5 " .5.9 - Layexr over Pq)

3 6.07-6.61 19 6.4 Granitic Layer, Pg,

4 6.77-7.56 10 - 7.2 Pg; (?)

-5 7.86-8.26 . 7 ' ' 8.1 . ' Layer beneath Moho,

6 g 3./5+ 12 8.8+ . vewocities >Pj

The first velocity group in Table 2, loosely defined by two events
with a velocity of V5.6 km/sec, was chosen because this velocity was
also observed between station pairs for a few local Denio events. The
second group seemed evident from primary and secondary P phases for events
at respective 35- and 85-km distances. The third group, Pg;, is typi-
cally observed in Western U. S. and defines the granitic layer velocity
for which Senturion's arrays have been dimensioned to measure. Another
Pg, layer seems evident when secondary P arrivals were used to time dis--
tant events. - Pp was definitely observed for events at distances >200
km, and the last suitelincludes teleseismic velocities.

Vp/Vs ratios were determined from 24 of the better Denio and Thousand
Creek events; reduced Wadati diagrams are shown in Figures 6-8. Data -
from seven Denio events, Figure 6, suggest Vp/Vs = 1.70 * .05, whereas
17 events from the Thousand Creek cluster, Figure 7, indicate Vp/Vs =
1.66 + .04. These measured ratios seem reasonable; the two data sets were
timed by different persons, the events were at similar distances from the
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FIGURE 6.

tp;s and tgj4 are the respectlve P and S arrival times at the ith station
from the jth event. tpJ and tsj are the mean P and S times for the jth
event. .
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measuring arrays, and the ratios are within two percent. Reviewing ratios
for individual events, selected Denio events range from Vp/Vs = 1.64 to
1.77, and those-from the Thousand Creek cluster range from Vp/Vs = 1.58

to 1.76. The combined data in Figure 8 indicates Vp/Vs = 1.67 + .03,

or Poisson's ratio, ¢, is 0.22 * .02 as determined from 24 events.

Apparent velocity vector divergence and velocity variation maps.
for hypothetlcal NW NEV 1 events are shown in Figures 9 and 10. These
distributions are, respectlvely, the standard deviations of vector direc-
tions and velocity deviations for hypothetical hypocenters. Beyond the
array perimeter, vector divergence is slightly affected by the choice of
hypothetical earth models or focal depths. Velocity variation distribu-
tions are, however, sensitive to focal depths such that for shallow foci,’
velocity variations quickly approach small values just beyond array perim-
eters. When velocity variation is less than 10% of the apparent velocity,
unique focal ‘depths cannot be determined.

‘ Selecting a few Denio events from Appendix B (Table B3), Events
#74, '#79, 'and #80, the mean vector direction and divergence values are
35° + 11°, and mean velocity values are 6.5 * 1.1 km/sec. The 11° vec—
-tor divergence value suggests Denio events could be 6.5 km from Station
#6 at 35° azimuth in Figure 9. However, by plotting selected subarray
vector directions for Denio events, they did not precisely intersect
within a small region; this indicated that observed vector divergence was:
a consequence of imprecise times and uncorrected station -delays.

The observed velocity variation, 1.1 km/sec, indicates Denio events
are further than 6.5 km from the array center, Figure 10. Using the
average S-P interval for these events (1.64 sec), and assuming surface
foci on a half-space with Vp = 6.4 km/sec and Vp/Vs = 1,73, the S-P in-
terval suggests Denio events could be 15 km from the array. The final
epicenter positions for Denio events, when calculated with hypocenter
'location procedures, 1l km at 35°'azimuth, lie between the least distance
defined by vector divergence (6.5 km) and the maximum distance (15 km)
for hypothetical surface fou.. Thus, distances to Denio fuci, which
occurred at depth, have been well established. o

NW NEV 2 apparent velocity vector distribution plots are given in
Figures 11-13. These plots were necessary to determine reasonable loca-
tions for the Thousand Creek cluster. For northern events at “~10-km
distances, vectors have smaller divergence values than is the case for
Denio events relative to their array. Selecting three NW NEV 2 events,
#21, #22, and #23 (Appendix B, Table B4), the average vector direction is
357.0° * 4.5°, and the apparent velocity is 8.1 * 0.5 km/sec. Although
Figure 11 suggests Thousand Creek events could be 15 km north of the
array, reduced weighting for Station #1 times causes vector divergence
values of 4.5° to be.n5 km less than is shown. The primary concern for

. Thousand Creek events was the relatively high apparent velocity, 8.1 km/
sec. These events had to be near .the array in view of the observed appar-
ent velocity, Figure 13, but were probably deeper than those at Denio.

~With low divergence values (v4.5°) and high apparent velocities (8.1 &
0.5 km/sec) the Thousand.Creek events could not be located with hypocenter
location procedures.. These events were located by using vector directions

-13-
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FIGURE 9. Apparent velocity vector divergence distributions for hypothetical foci
beneath the NW NEV 1 array.
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FIGURE 11. Apparent velocity vector divergence distributions for hypotheticai_foci
beneath the NW NEV 2 drray. '
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TIGURE 12. NW NEV 2 velocity variations for hypothetical events. The dashed, 10% -

line indicates the maximum distance at which focal depths can be
" uniquely determined for events at 7.5-km depths.
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to aSsign azimuth, and an $-P distance chart derived for hypothetiéal
foci at 7.5-km depths within the crustal model shown in Figures 11-13.
Vp/Vs was set at 1.70. :

.LOCATION ACCURACIES AND PRECISIONS

Fundamental to the N. W. Nevada task is the determination of location
accuracies and precisions. The ultimate goal of this investigation is
to find the most favorable geothermal targets as deduced from microearth-
quake locations. The previous apparent velocity vector section discussed
methods for assigning positions for Denio and Thousand Creek clusters and
gave reasons why distances were nearly correct. AssumingAboth clusters
were from separate points, precision estimates of cluster scatter suggest
distances were known within * 2.5 km, and directions were within * 15°%;

‘however, array directional accuracies remain to be established.

After all results were calculated and tabulated, Figures 14-19 were

.plotted. These include seismicity versus calendar day, time of day, and

azimuth. From the azimuthal distributions, Figures 16 and 19, many south-
eastern events were noteéd to occur during working hours when comparing
respective Figures 15 and 18. These events were Battle Mountain, Nevada,
blasts; however, because they occurred on different days, they were in-

- dependently timed without recognizing corresponding events. The blast

record, Figure 20, was detected with the NW NEV 2 array, and is exception-
ally clean compared to most blast records; the seismogram is definitely
better than those blasts recorded during NW NEV 1 investigations. In the
latter case, wind and cultural noise typically reduced detectability

at more than one statlon, only one blast, Event #38 (Table B3), was re-
corded on all six of the NW NEV 1 array stations. Table 3 summarizes
directions and distant assignments calculated for the blasts, and gives
errors relative to true blast directions and distances.

TABLE 3
SUMMARY OF ASSIGNED BATTLE MOUNTAIN BLAST LOCATIOVS
COMrALwl O ACTUAL- LOCUAY IOVS

(The directions and distances to Battle Mountaln blasts take precedance
over those listed in the Appendlx B Tables.) ‘

NW NEV 1 Azimuth and Distance to Battle Mountain: 139° @ 245 km
NW NEV 2 Azimuth and Distance to Battle Mountain: ©133° @ 245 km

NW NEV 1 ' A NW NEV 2

Event Observed - Assigned Event . . Observed “Assigned
No. Azimuth Distance, Km. No. ' Azimuth Distance, km
2 132.7° 230 ‘ 28* -~ 134.40 193
38* 125.4° : 311 _ 46%* - 12l.6° 169
43 127.3° 231 47% - 124.290 169
68 125.7° 343 ‘ 52% . 134.0° 208
21 120.5° © 225 56 © 142,40 258
' ‘ 57 .. 123.4° 242
) ‘ 60 - 120.3° _ 242
Avg. 126.3%4.4° 26855 Avg.. 128.6%8.3°  211.6%36.5
Error -12.7° +23 km Exrroxr -4.4° -33 km

*Asterisks denote solutions with six stations.
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FIGURE 14. NW NEV' 1 seismicity versus calendar day. Circles (o) after event numbers 1dent1fy Denlo
microearthquakes, and crosses follow1ng numbers denote Craine Creek events.
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Directional error for the five NW NEV 1 blasts was 12.5%° * 4.4° less
than the true direction; the seven blasts detected during NW NEV 2 investi-
gations were -4.4° * 8.3° relative to correct blast azimuths. Errors in
distance assignments were large: + 23 * 55 km and =33 * 37 km for the
respective NW NEV 1 and 2 arrays. At “250-km distances it is not surprising
that distances are in error by 20%. S phase identification is difficult,
and one is likely to choose an incorrect velocity for distance assign-
ments. Although NW NEV 1 blasts are in error by -12.7°, it is doubtful
that 13° should be added to all NW NEV 1 events; the blasts were emergent.
Furthermore, NW NEV 1 subarray vector solutions for local events (S-P . '
< 5 sec) did not show evidence that mean vector directions were in error -
by 13°. The primary point of this discussion is that array directional
accuracies were relatively good ‘to distances of 250 km; from previous
experience, distance assignments to 200 km have typically been within 10%.

MAGNITUDE DETERMINATIONS

Relative magnitudes, My, were calculated from event durations of
local events. Because Senturion's seismometer system has not been cali-
brated for precise amplitude-magnitude determinations, only the energy
released relative to other events can be estimated; the magnitude listed
in Tables Bl and B2 (Appendix B) should not be compared w1th .the standard
Rlchter magnitude scale.

A magnitude scale relating signal duration to magnitudes is provided
in the program HYPO71 (Lee and Lahr, 1972); however, magnitudes calcu-
lated with the program gave values which seemed high. Furthermore, Lee
and Lahr define signal duration to extend from the P onset to a point
within the coda where a trace deflection of 1 cm is measurable on a Develo-
corder screen. Signal durations measured in this investigation were de-
fined to be the time interval from the P onset until signals were indis-
tinguishable from background noise levels. The heuristic equatlon used
in thlS investigation for relative magnltudes was: -

My = =2.U + 2.0 logyg(T) + U.0035(A),

where My, 7, and A are, respectively, relative magnitude, signal dura-
tion, and epicenter distance. Leading coefficients are Langenkamp's
(Langenkamp and Combs, 1974), and the distance correction is from Lee and
Lahr (1972). : o

Relative magnitudes for local events are included in Tables Bl and
B2. Of particular interest are magnitude relationships for the three
microearthquake clusters, Denio, Craine Creek, and Thousand Creek. Plots
of relative magnitude versus the number of events with magnitude, My
or greater, are given for the Denio and Thousand Creek clusters in Figure
21; Craine Creek events are not included because the distance, 38.5 km,
is too great. to derive meaningful recurrence. relatlonshlps from six events
with magnitudes of ﬂl 0.

Figure 21 indicates slopes, or 'b' values, are nearly identical for

Denio and Thousand Creek clusters. Combining data from the two clusters,
b = 1.5. The 1.5 b value seems high when compared to Richter (1958);
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he indicates b values range from 0.7-1.5 where larger values pertain to
larger earthquakes. Because the precise relationship is not known between
Richter's magnitude scale and the relative magnitude scale used, the b
value. calculated for combined data is probably in error. Furthermore,
Figure 21 indicates sampllng is lncomplete for events with relative magni-
tudes smaller than- 0.4.

Figures 22 and 23 give detailed histories of the Denio and Thousand
Creek events. Events tend to recur singly or in clusters of a few events. .
Larger events are not necessarily preceeded or followed by smaller events,
and small events may occur singly. Temporal histories for Craine Creek
' events may be deduced from Figures 14 - and 15; although histories for
Craine Creek events with relative magnitudes less than 0.9 are nhot known,
they also reoccurred as isolated -events or in pairs. On a larger time:
scale, temporal clustering of events is evident because events from Denio
and Craine Creek clusters were not observed during NW NEV 2 investigations;
‘likewise, the NW NEV 1 array did not detect Thousand Creek events.

nOESTR T

"Recognizing shortcomings in the relative mégnitude scale, some indi-
cation of the energy released per event can be obtalned from Richter's
magnltude energy relationship,

)

log Ep = 11.8 + 1.5 Mp.

Because M, is substituted for M, the energy, Ey is defined in relative
units rather than ergs as Richter's precise relationship gives.

Table 4 summarizes estimates of the total energy released from each
of the three clusters and includes energy estimates per recording day.
Had Craine Creek events been nearer the array, the, energy released per day
- would probably have been equal to that at Denio, v2x10 13 energy units per
day. The energy calculated for Thousand Creek includes an anomalous
‘My = 1.8 event (Figure 23); excluding this event from Thousand Creek enexrgy’
estimates per day, this cluster would also have released '\:2x1013 enexgy
-units per Jda,. The Thousarn. Creek event ex’sted, and tape .ecording ceasea
when Denio events were still occurring, Figure-22. Hence, a more reason-—
able assumption is that energy released for each cluster was n5x1013
energy units per recording day.

é—".ﬁ- g

R

TABLE 4
ESTIMATES FOR THE TOTAL ENERGY RELEASED FROM
THREE N.- W. NEVADA CLUSTER AREAS LISTED IN TABLE 1.

' ) . . Total Energy Energy Released
o Cluster No. of Events No. Of. - Released, Per Day,
it : Per Cluster Recording Days Energy Units . ' Energy Units/Day
Denio - ‘ 39 15 3.0x101" - 2.0x10!3
. Craine Creck 6. 15 : 1.5x101"% - 1.o0x10!3
; Thousand Creek 26 n f 5.2x101Y ~ 4.7x10!3

-29-
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FAULT PLANE SOLUTIONS WITH EMPHASIS ON THE DENIO SWARM

First motion plots for 27 well-located events from the Denio swarm
are given in Figure 24. First motions are compatible.with a fault plane
which is typical of the Basin and Range: parallel to the linear mountain
front and steeply dipping.:- The upthrown block west of the fault, the
Pueblo Mountains, consists of Tertiary volcanics dipping 45° towards
the west. First motions of the Denio cluster indicate compressional or
upward motion on the west side of the fault.

A significant component of strike-slip motion is permitted, but is
unlikely in this tectonic setting. The only known faults in the Basin
and Range with significant strike-slip motion have right-lateral compon-
ents trending about N. 30 W., and those with left-lateral components
trend about N. 70 E.; none would be expected on a trend of N. 30°-33° E.
in this region. :

Selected solutions in Figure 24 suggest strike could trend N. 33° E.

‘and have a reversed 75° westerly dip component. Another solution is to

consider a vertical fault plane at 20° azimuth; this is probably a more
reasonable solution in this area of WNW extension.

Craine Creek events were typically emergent but seemed to have up-

ward first motion. ' However, the distance, 38.5 km from the NW NEV 1 array,

is too great to resolve a reasonable focal mechanism. Thousand Creek

~events also had upward first motions (Figure 4).. This could mean that

the aforementioned Pueblo Mountain block moved upward relative to the
western Railroad Point ridge. Alternatively, left-lateral, strike-slip -
motion could have occurred along the Thousand Creek lineament separating
Pueblo Mountain block and Railroad Point ridge from McGee Mountain; this
later. solution cannot-be excluded in view of the local topography. ’

CONCLUSIONS' RELEVANCE OF N. W. NEVADA SEISMICITYATO GEOTHERMAL
INVESTIGATIONS ' '

Krapp and Znicht (1977) Lave shown &tl2% in regions v’ tk geothermal
gradients greater than 10°C/km, hedt generatéd by a hot pluton may induce
detectable microearthquake swarms. With sufficient temperature increases,
thermal expansion of the pore fluid will reduce effective pressures at
the pore mineral interfaces and fracture rocks. Estimates of the energy
released during fracture suggest that a magnitude 0O earthquake will occur
if all pores fracture simultaneously in one cubic meter of rock with 1%

_porosity. A magnltude 3.6 earthquake results from simultaneous fracture

of pores in 10 mq (diameter v~ 0.27 km) of the same rock. Greater porosity
will increase the encrgy released in the same volume of rock. Open joints,
however, will limit the volume of rock involved in a single fracture event,
and thus restrict earthquake magnitudes.

This theory offers a plausible explanation for the swarms of micro-
earthquakes detected in many Known Geothermal Resource Areas. It also
suggests a reason for the lack-of activity on other areas, especially
those in the northwestérn U. S. flood basalt provinces. Vertical cooling -
joints are common features of basalt flows; these open fractures may per-
sist at depth where they are approximately normal to the lithostatic load.
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Although joints may provide necessary fracture permeability for a geother-
mal reservoir, they limit the total volume of rock involved in a single
fracture event. _The magnltude of the induced earthquakes may thus be
below the detection limit. -

Microearthquake swarms detected by Senturion in geothermal areas
throughout western U. S. commonly are restricted to very small source

.regions. The records of cluster events bear distinctive signatures;

variations in stepout times are no greater than normal. timing errors.
These localized clusters generally occur along faults, and commonly near .
an intersecting cross-fault. Swarms may result from a combination of
normal tectonic stresses along a major fault, fluids saturating the rocks,
and high heat flows. Combined tectonic and thermal stress are relieved
by point source microearthquake swarms where high pore pressures could
prohibit the build-up of stresses for larger earthquakes.

Events from each of the Denio, Craine Creek,'and,Thousand Creek
clusters are typical in this respect. Most epicenters . fall within small -
circles with diameters of ~2.5 km; depths of Denio events averaged 6.4 *

-0.6 km, and Thousand Creek events had nearly identical apparent velocities

of 8.02 £ 0.14 km/sec indicating common focal depths. 1In view of the
manner by which point source events may be overlaid and compared, tuie
relatively small scatter in event positions can be attributed to small
timing errors.  Compared to other Nevada areas, few large events with
magnitudes greater than 2 are known to occur in. thlS northwestern area
of Nevada (Priestley, 1974; Ryall, 1977).

Apparent velocity vectors were used to deduce N. W. Nevada media
velocities and crustal models, to calibrate the NW NEV 2 array, and to
determine location accuracies for both arrays; the vectors were essential
for locating the Craine Creek and Thousand Creek clusters. Apparent ve-
locity measurements indicated media velocities, Table 2, were typically

" those which are observed in western U.' S., and the 6.4 km/sec granitic

layer was easily recognized. Compared to The Geysers geothermal area, it
could not be Aetermined whether a shallow 4.3 km/sec overlaid the 5.6
km/sec upper layer observed during these investigations. Events were
either too distant and critically refracted or local events were too deep
(6-7.5 km) to resolve the near-surface ve1001ty. : v

Vp/Vs ratios from combined Denio and Thousand Creek cluster data
gave a Poisson's ratio of 0.22 * .02.. These clusters were at similar
distances ( 10-11 km) from the measuring arrays and the measured ratio

‘was probably affected by upper'layer velocities. If the deeper granitic

layer has a value of 0.25, then material near the surface has contaminated
Vp/Vs measurements from events which are near the array. In fact, near-
surface material would have to have a value less than 0.22; surface mater-
ials typically have values of ~0.3. If the Vp/Vs measurements are correct,
then the observed ratios suggest an anomalous, near-surface layer with a
lower Poisson's ratio than is anticipated. This is encouraging news;
according to Combs (1974), the low value for Poisson's ratio indicates
that. the shallow material is either deficient in liquid water saturation
or that voids could be filled with steam. If this is the case with the

N. W. Nevada area, a shallow, anomalous low-P wave velocity layer is sus-
pocted and compares with that measured by Senturion at The Geysers; it
would explain difficulties in assigning precise timé corrections at:
selected stations.
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Most N. W. Nevada microeartliquakes recurred in small- temporal clusters
or as 1lsolated events and from the same areas. Local event relative
magnitudes ranged from -0.4 for a single event 7 km south of the NW NEV 1

_array center, to My = 1.8 for a Thousand Creek event. A recurrence-magnitude,

b value of 1.5 was obtalned from Denio and Thousand Creek events, the value
may be incorrect because a prec1se relationship between My -and Richter's
M was not known.

A fault plane solution for Denio events indicates normal faulting
in that area; a solution for the Thousand Creek cluster was somewhat in-
determinate but indicated either normal, or possibly left-lateral move-
ment. The latter cluster occurred at a place where a cross-fault defined
by the Thousand Creek Valley seems to intersect a north-trending fault
along the eastern edge of Railroad Point ridge.

Local microseismicity, the anomalous Vp/Vs ratios, .and the numerous ,
hot springs indicate that the N. W. Nevada area should have good geothermal
potential. Continued longer-term microearthquake investigations in the
area should delineate new geothermal targets and provide addltlonal informa-
tion about the shallow layer veloc1t1eg.
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APPENDIX A

Tables Al and A2 list station coordinates for the respéctive-NW NEV 1
and 2 surveys. The NW NEV 2 array was centered 16 km southwest from the
first array. On July 14, 1977, Station #1 of the NW NEV 2 array was moved
0.24 km northeast of the original location. - The first station location,
Table A2a, is required for the first nine events listed in Tables B2 and .
B4; the remaining NW NEV 2 events require coordinates listed in Table A2b.
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TABLE Al. NW NEV 1 Array Coordinates (July 16 through July 30, 1977).

PRUJEC TS Wi NEV 1

KAD
MILES

OEG

LATLIUDE
MIN

LUNGITUDE
066G

Ll

M S e e e e T e TR v e e G R e em e e YR ST g W e TR me e ST M n e e e e TR TS e e W e TP e o, ee mm S RS e e G h R WP e G wm W G om S em G e e R e e WE W W AB em W em W e

- T T T et mt o W A e P S e R ey ew P D S ey T T em o Y M AR m o em e W T e wm P et e | em e T YT e r ap NP ED T T M G e R T e T G MR S s Ge eGP AR O W W WS W e @

158,544 4,21u
122,176 5,120
LL7.84%5 4,240

1TOG,0035 4e320°

143,197 5,224
151,974 4.340

- e - - .- - - - -

-*S[ATIUN NU'

ARRAY TIiLT: .8

VELL N2 TMUTH
K DEG
-e 350 62022
« 54D 123,42
-.330 207,09
-e 255 2784705
«H4D 391.8Y
-.235 83,99

e

6 EX_LUDED FRUM AVERAGE RADIUS CALCULATIONS* -

24798
24917
Se0UY

s U32¥

2edHH1l* .

-y T -

118

45,27
47,20
44,16

435,70

DEG ( 422 FEET / 9Se68 MILES) AT 227 DEG AZIMUTH

SRAD
K

LATLITUUE
DEG MIN

LONGITUDE

DEG

MIN

e s Wm e WE . - R e em o tm = T n v e T R Y e e A TR G e T W e om0 R e oy TV an TP am e as dm T PR My S WP TP % M am em B W ey T YV TR G T an W G A S T M T mm W ar W e e W

SHA <
K|
1 L7857
z 135,041
5 Lol eDa4
4 1584 /44
2 172.56253
0% L74.753
Avl | 17% 998
STi X
F 1
1 57,223
2 50.(53:3
) SL.U8Y
Rt Y76
5 52.625
o 5540l
AVS 53217

Y 7

K VMETER
42,22 12854
b7 .259 1561
3% ,9290 1292
40,8494 1316
44,290 1591
Bi0e1U4 1322
HUe 099 139y

*¥STATION WU,

PRUOJECT: Nw
DELZ AZ1IMUTH
METER DEG
-110 heeld2
166 129.42
-101 207.U9
-77 276.70
19/ 351 849
-71 - 83.99

4 e DY

Y4013
Y094
Haed39
44200
s U511 %

4e573%

43 96427
41 93.61

41 52.91

4 YHeHY
41 97436
41 5514

- e > -

6 EXCLUDED FROM AVERAGE RALIUS CALCULATIONS=*

CARKRAY TILT: o8 DEG (129 METERS /. 9.15 KM) AT 227 DEG AZIMUTH

o

-
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«STATLUN NU. 6 EXCLUDEND FRUS AVERAGE RADTUS CALCULATIONS*

ARAY TILTS 3.2 DEG (9UH :VI-EFEHS /  9.04% KM) AT 81 DEG AZIMUTH

: Fro . NN o TR ot feroee)
- e - - ‘ —
TABLE A2a. NW NEV 2 Array Coordinates {(June 9-June 13, 1977).
PRUJECT Y Ny NEV 2A
ST « Y z DELZL  AZLWMUTH . KAy LATLTUDE - LONGLITUDE ELEV
KE T K 1 KF | K¥ | DEG ~ MILES  DEG  MIN  DEG MIW . KM
L L985,1L7  LU2.270 44230 =,453 44,25 2.870 41 HU0.37 118 48.42 1.305
2 LB4.278 834520 4,570 -.355 123,79 2.579 41 47.33 118 48,17  1.352
&) 14i.294 TRGTLID 4ol ly  =e260 184 .80 2.790 41 Yw.,22 1186 31.00 1,362
G L29.1938  B3.754%  5.120 1,387 258,79 2,572 41 48,18 118 53.64 1,865
3 L3BLYUN LUS.HBYY 4,580 =,193 336,54 S.125 41 51,06 118 52.18 1,396
EF iY1.3%E JU.ol2 H.B3U  ~.193 256.11 0269% 41 48,45 118 50.99 1,396
AVG 1%2.922 0 91,594 4,733 689 T2.308% 41 48.61 118 50.73 1,443
®STATLION NU. 6 EXCLUDED FROM AVERAGE RADIUS CALCULATIONS*
ARRAY TLLT: 342 UEG (1657 FEET / 9.42 MILES) AT 81 DEG AZIMUTH
PRUJECT: Nw NEV 2A
STA X v 2 DELZ  AZIMUTH  KRAD LATLTUDE LONGITUDE ELEV
1< kil HETER  METEK - DEG KM DEG  MIN  DEG MIN K
, 4benTd SL.L72 1804 =137 44,25 4e628 41 50,37 114 48.42 1,305
2 4/.U24 23,452 . 1331 =110 - 123,79 4.312 41 47.35 118 48.17 1,332
50 43,063 23,388 1362 =79 184,60 4.490 41 46422 118 51,00  1.362
4 37008 0 27.052 1865 423 258,79 4e140 41 48,18 118 53.64 -1.865
5 HL.42% 824459 1395 | =406 336,54 5,025 . 41 51.06 118 52.18  1.396
O+ 43 UBL  27.615 1395 =46 256011 © SJU53% 41 4B8.45 118 50.99 1.396
AVG 3,441 27,357 1442 210 Ge519% 42 48,61 118 50.73  1.443
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TABLE A2b.  NW NEV 2 Array Coordinates {July l4lthrough.July 20, 1977).

PROJECTE Nu NEV 28

e e e M e e e e W T e T G e cn e SR M e T T e mm e R T e TR S BT YR mm S L T G e MR T SR TN e T BT me oy e e T AR A e e S G @n WY e e S SR gy ou S o e e e AP G A D B G E e W s o e

R e e M e v G o em R W A e T R U MR de T D ey e W T T e o T AR T NP om R e et b e T TN TR am s NS R M e o e e SR P W s e W TR am TP me ar em TP M dn S M R R om T e N b am WD WD am WP g O W e W

STA A Y 2
WY Kb K |
L 1534042 . 02,740 4,280
z 1o4,274 85,9256 4,37y
5 L1290 . THe715  H.470
4 129,193 du.78h% 6,120
D 13%.9u4 1uon 494 4,580
hx¥ L4l ,342 44580

GU.nld

- - - o o - -

DELL AZLHWUTH - AL
KF 1 DEG  MILES
-~ 453 Gl .39 2,988
- 3698 124425 24674
-e2500 185,41 2.8U6
Lod8/ - 258,94 2.392
~el5H0 33%.94 " Sel16-
'0155 :aéﬁ.qﬂ 0291*
.t%a 20555*

6 EXCLUDED FRO®M AVERAGE

LATITUUE LUNGITUUDE
DEG- ™MIN DEG  ™LIN
41 HU.45 118 48,31
41 47,33 1168 45,17
41 46.22 118 51.00
41 48,18 118 53,64
41 51,06 118 52,18

118 50.99

G H8.4b

L - v

4i 48,62

KADIUS CALCULATLONS*

-
ELEV LELZ
K4 SR
1.305. =-,1306
10332 -.111
1.362 -.080
1.865 JU23

DEG (1640 FEET / 9467 MILES) Al 82 DEG AZLMUTH

CPROJECT S nNW NEV 28

- D e R e e T T e TR Gm o TR SR e A% S e v AR T D s e WP R TR SR e P T T ew wn v TR T an o T wr M g o v e T S w e e SN B e B Gr em TS S e R R TP e TE T O W AP SO S wm W em B = v

- e T e e G S TR WS mh e AR w W DA TR D am R A g WP TP B Y an g M ay TE SR n TV e T e G am W YD T ap e TR Ne D ey o, s me TR D SR Gm o an P T M M n em e TP e e e TS e W

VG 142,610 Gl 475 H,783
*STATIVY NU,
N AY TTILT: 3.1
STA X Y Z
v [ METER
1 40831 1317 1304
P ufad24 29,45 1351
3 3,063 2343980 1362
4 oY e 358U 27002 1869
) 41,424 52409 1395
a* H4a,U81l 27619 1595
AVG B3 U7 2T7.881

¥SIATIUM NU,

1442

AZMUTH  KAD

METER DEG K
-137 G4 .89 4.308
-llU 124025 40593v
f?q 135'11 ‘q'516
e 2H8.0% 4,171
-45 55509“ S-Ulq
46 235,49 G HYx
219 HeDH2*

6 EXCLUDED FROM AVERAGE

LATLTUDE  LONGITUUE
DEG  M™MIN - DEG MLN
41 90,45 118 48.31
41 47,35 118 43.17
41 46,22 118 51,00
41 48,18 118 S53.64
4i %l.06 118 52.18
41 48.48 118 50,99
41 48.62 118 5Sv,71

RADTUS CALCULATIONS*

1.396 -0047
l.443 «210
ELEV DELZ
KM KM
1,305 =-,13%
1.332 -.111
1.862 =,080
1.8695 43
1.396 =.047
1.396 =.047:
1.443 «21U

ARAAY TILTS 541 DEG (500 METERS 7/ 9412 KM) AT 82  DEG AZLIMUTH
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APPENDIX: B

Tables Bl and B2 give locations for the events detected during the
‘respective NW NEV 1 and 2 surveys. Also listed are the magnitudes for
local events with S-P time intervals less than 5 seconds. Tables B3 and
B4 give apparent velocity vector results for the corresponding events
in Tables Bl and B2. Location assignments given in Bl and B2 take prec—
edence over those listed in B3 and B4.

-

NW NEV 1. locations were calculated without station correction times;
NW NEV 2 vector results were calculated with reduced weighting on Station
#1 (% the normal value) and include station elevation corrections. NW NEV 2
corrections times for Stations 1-6 were, respectively: 0.000, -0.010,
-0.020, -0.030, and -0.030 seconds.’ '
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TABLE Bl. ' NW NEV 1 Seismicity Lorations and Relative Magnitudes for Local Events

ARKAY CENTERS LATITUDE 41 55.14  LONGITUDE L1 43474

M e T MR n e ER o R S TR W v TR D dm et T e T e TP G e SR R TP EE o MG D e e T ST T em we W W O S G W G em Y e e B S e e WD e TP mw e, e e T R e e e T D e G e P e W e w e

EVENT LATITUDE LONG I TULE DEPTH DIRECTLON DISTANCE RELATLVE COMMENTS
DEG  MIN LEG W I K i DEG KM MILE MAGMITULE :
1 4y 59,17 115 87,75 ? 111,48 279.0 1744 7 247
2 40 30,87 116 42,81 7 132,7 230.U 143,48 7 247
3 - ? ? 223,95 ? ) ? 1
4 ? ? ? 324 ,4 ? " ? 1
5 : ? 7 7 ? ? ? ? 6
& 89 53,57 118 22,32 .7 172.U 216.0 135,0 9 247
4 ? ‘ ? -2 229,95 -7 -9 ? 21748
) 7 7 ? . 202,5% 7.7 -7 1
Y 40 10,06 115 7,57 7 122.7 56040 25,0 7 2.7
1y C ? Y - 200,1 B4 ? ? 1
L 1L ? ? 72 127,7 . S ? 1
IS 12 41 31,12 113 28,12 7 CY5,.8 . 440.0 275, ? 2
19 41 39,58 118 95,06 ? 199,6 38,5 24,1 0.9 3v647
14 2. Y 7?0 316,6 ? ? ? 1
19 4z 22 118 39,€2 ? 31,2 11.0 6.9 0.2 447
le. 420 .2Y - 118 39,77 ? . 29,9 11.0 B,9 03 447
17 4 27 118 39,72 7 T 50,9 11,0 6.9 0.7 4.7
18 42 W17 118 39,51 ? 32,1 11.0 6,9 0.6 4
19 . 42 LUS 118 40,15% 7.6 28,6 10,5 6.5 03 4
20 43 14,25 115 5,25 ? 104,U0 313, 195.6 7 2
21 Yo W13 118 39,42 7 32,9 11.0 6,9 1.3 4
2z 7 7 ? ? , ? 7 ? 21548
29 41 57,39 118 47,81 ? L 306,06 7.0 4,4 -.0 547
24 41 59,96 1186 39,02 v 32.4 1U.6 6.6 0.5 Y
29 ? ? ? 203,4 ? y ? 1
COMAENTS S S ‘ ' ' }
le TELESEISHMy FREQUENCY = 2 -HZ ' 6+ CULTUKAL 'OR SYSTEM NOISE
2e REGIUNAL EVENTe S=P TIME > 5 _ 7. POOR LOCATION

. Xe LOCAL EVENTs S=P TIME < B . 8. DISTANCE UNKNUWN: NO S=-P TIME
4o UENLU SWARM EVENT - _ _
HGe EARTHIUAKE . LNSUFFICILIENT DATA TO LOCATE
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EVENT

Ut

pgs)
27 41
20 41

2%y

AU
31 42
sz %0

53
34 G4
59 44
jb 4

57
>0 “41)
329 .
gy 41
41 41
44 1
53 40
44 42
.42 41

4o
47 - 4
44 41
S b4
-3 %]

COMMENTS S

Te TELESEISH
2e REGIUGAL EVENT

LATITULE

Ml

39
019
2

51,51

34U, 54
564,70
?

17.81
?

33.02
35.09
9,82

29451
030
59460

4

55,52

54,97

10U

b9,.,98

3. Loutab EVENT
e DENIQ. swilRM
He EARTHIUNKE o

118
118

118

116
114
118

118
118
118
118

S=P T
EVENT

TABLE Bl {(Continued). NW NEV 1 Seimicity Locations

-
- ey we - S oy e T oy o T o T D T ey Y T OB BN Gw w T AR W ot g, e GE N NP e M gy WD E e OP P an mr W AR - o W -

52,11
52,39
39,75
52,13
40,70
S8, 448
?

52,14
81,87
39,35
39,869

IME . € %

FREQUENCY = 2 HZ
S~P TIME > 9

DEPTH  DIRECTLION
TR pDEG
? 204,06
HeD 37,6
7.0 Sh 4
? 326,86
? 354,90
? 28,0
5 U 32.6
? 2u8. 4%
? 1764
? 1.6
7 ?
? 125,4
? 197,9
? 197.9
4,9 32,9
? 127,95
Y 41,4
7 199,95
? 197.6
? 196,8
? 33,9
6ol

INSUFFICIENT DATA TO LOCATE

DISTANCE RELATIVE COMMENTS
K MILE MAGWNITUDE
? ? ? 1
10.2 644 0ol 447
10,7 5.7 0.6 4
) ? ? : 1
? 7 o7 1
11,0 6,9 A 447
11,0 6.9 0.5 4
? . 7 1
7.1 LF.L} 'oq’ 2'7
193,00 120.6 ? 2
762 4,5 0.4 3
11,0 6.9 ~.0 445
311,0 - 1944 7 .2
Y 2 ? 1
39,0 [ 2%.4 1.1 346
59'0 Z'+-l+ 101 5’6
10,3 6.4 0,0 4
231,00 1444 2.6 2
10'4 6.5 0.6 4
ll.U 0.9 002 4
7 7 - 2+8
3603 . 24.1 101 3!6'7
39,0 24 4 1,2 3.6
11.0 6.9 1.3 4 .
BeD 0.9 Yy

10'4

6+ CULTURAL OR SYSTE#M NOISE
7. PUOR LOCATION
8¢ DISTANCE UNKNOWN+e NO S=P TImE

e
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TABLE Bl (Continued). NW NEV 1 Sei micity Locations

e s T b e SR W e TS em R TS me T T e wm e e T e TR R e n e TR MR e W B n e WP T YT m M e TS m TR S e o T B TP SE e M WS e T s o, my Am WP G e am Th VR wm YR e G wm W SN o em e e

EVERT LATITUDE LONGITUDE DEPTH ODIRECTLION DISTANCE RELATIVE COMMENTS
DEs Wi DEG. MIN K 4 DEG K4 MLLE  MAGNITUDE ‘
51 42 1,17 118 37,85 6o7 36,1 13.4 8,6 0.l 4
52 42 W1U 116 39,36 7 33.4 11.9 5,9 045 G4¢7
35 Yy 2.92 119 56492 ? 277.7 102,0 63,8 1.6 2
54 42 W14 118 39,42 5.0 T 32,8 11.90 5.9 0.4 4
55 Gl 335,71 118 52,57 ”? 1958.86 38,0 25,8 0¢9 39647
25 ? 7 -7 166,48 ?2 7 ? 1
57 v ? 7 101.4 ? ? ? 1
58 41 39,95 118 3%9,:7 6.3 34 ,U 10,8 =P 0.9 4
59 B 44,55 118 49,14 ? 201.,U 21,0 13,1 1.0 3
' oU 41 55,50 119 4,29 7 281,6 29,0 18.1 1.1 3
s 61 Lo W11 118 39,950 - 5.0 32,9 10,9 .8 0,6 Y
1 62 41 $9,67 118 359,56 6o 34 4 10,2 6.4 0.8 4y
53 41 59,49 116 39,72 548 34,6 9,4 6,1 0.9 4
HY4 7 7? ? 118,53 ? ? ? 1
59 - ? ? ? ? 430.0 268,8 ? 215
6o 42 .18 118 39,29 6ol 33,4 11,2 7.0 0.7 4
4 4 W17 118 39,%6 5.0 31,8 11.0 6,8 0463 4
54 4y 7.00  .115 295,05 ? 125,7 343,0 214,4 7 2
69 ? - ? 102,2 ? ? ? 1
STV ? ? » ? 3228 ? ? ? 1
71 40 H54,42. . 116 24,64 ? 120.5 225,0 140.6 ?. 2
72 41 99,93 118 39,41 7.0 34U 10.7 6.7 0.6 4
75 41 39,96 118 39,&6 5,0 33,2 Y8 6,1 1.0 4
74 41 59.648 118 39,39 £e6 35.6 10.% 5.5 045 i
72 42 Ul 118 39,32 50 34,U 10,9 648 0e¢3 4
COMMENTS :
1e TELESEISHs FREWUENCY = 2 HZ 5. CULTURAL OR SYSTtM NOIbE
De WCGIUUAL EVENTY S=P TIME 2> 5 7+ POCR LOCATIOUN
3s LUCAL EVENTs -S=F TIME < § 8¢ DISTANCE UNKNOWNy NO $=-P TIWE
e DENIO SwWwARM EVENT : : '
"Se INSUFFICIENT DATA TO LOCATE

EARTHAUAARE Y



" TABLE Bl (Continued). NW NEV 1 Seicmicity Locations

EVERT LATITUDE LUNGITUUE  DEPTHH DIRECT1ON "DISTANCE RELATLIVE  COMMENTS
o UEG ML DEG MIN KM ’ DEG K MLILE - MAGNITUDE
75 42 e 118 49,91 5.0 32,7 19.8 .8 0,4 4
77 Bl 5%, 74 118 39,48 folt 34,8 - 10.4 65,5 0.6 4
In 41 47,26 118 33,938 7 15%9,7 16.U0 © 10,0 0.7 3
79 b1 59.77 118 39,49 ol S4,4 10,4 6,5 DD 4
U 41 30,93 118 4u,35U S.U 34,1 Be5 5.3 1.1 Y
8l 4 W19 - 118 39,5 5.0 32,1 11,0 6,9 V) 4
32 41 99,71 118 40,58 8,3 2795 9.5 6,0 0.2 4
B8 41 93,69 118 89,85 °  H.6 5949 10.5% 6,4 Db 4
a4 4 13 118 39,47 560 - 32,5 11.0 6,9 0.4 4
& L COMMENTS : : o : ,
7 Le TELESELSHs FREWUENCY = 2 HZ ' : 6o CULTURAL OR SYSTEM WOISE
- Qe REGLUNAL EVENTs S=P TIME > 9 7. POOR LUCATION :
3+ LOUAL EVENT S=P TIME < 5 8¢ DISTANCE 'UNKNOUNs NO S$=-P TIME

Geo UENLID SwAkM ELVENT
5. EARTHQUARKE s LNSUFFICIEWT DATA TU LOCATE



TABLE B2. NW NEV 2 Seismicity Loca‘ions and Relative Magnitudes for Local Events

ARRAY CENTER: LATITUVE 41 48.62  LONGITUDE 11y 50.71

EVENT LATITULE LOMG I TUDE DEPTH ODIRECTLIUN DLSTANCE RELATIVE  COMHMENTS
Ut wIn - DEG MIN S RKEL DEG-- . KM MLLE  MAGWNITUDE '
1 ? 7 ? 209,22 ? 7 ? 145
2 41 59.48 118 33,27 ? 90,2 3le4 19,6 1.3 3
) ? -7 ? 290,86 ? e ? 1+5
4 ? o ? 242.8 ? ? ? 145
o) ? 7 7 239,6 ? ? ? 145
6 41 35,44 120 -10,02 ? 257,.,9 112,7 10,4 ? 2419
7 41 53,07 118 28,77 ? 133,4 41,9 26,2 0.9 219
& 41 33,6U 119 47,€0 ? 250 ,6 B3, 7 02,3 1.4 2
9 41 52406 119 43,59 ? 275.6 80,5 20,3 1.4 2
10 ? ? ? 303,08 ? S 7? 145
L 11 41 53,86 118 50,89 ©? 358,59 9.7 6,1 0.8 344
® 12 43 54,03 © 118 51,62 ? 352,08 10.1 £,3 0.6 34449
14 41 45,486 118 435,76 ? 117.9 10,9 6.8 0.5 3
14 41 53.74 113 51,09 ? 56,8 9,5 5.9 0.6 S¢4
15 41 535.64 118 50,70 ? o1 9,% 95,8 Dol 3.4
ib 41 54,91 118 S0,¢ ? 358,59 9.8 5.1 0.6 344
17 41 54,09 118 51,38 ? 354,77 10,1 6,3 0.9 34
10 4] 33%.89 119 92,67 ? 252 .4 90,2 96,4 149 2
19 41 S4,18 118 H1,0% - ? 3574 10,5 6.4 0.5 344 X
20 41 H3,80 118 50,70 7 ' el 9,7 5,1 09 340449
21 1 54,07 - 118 51,12 ? 356,08 10.1 5.3 De8 3y
22 41 S4,06 118 51,28 ? 395,59 10,1 6,3 © 0.8 $14
25 41 D8.Y1 118 HBL,uL4 7 357,49 Y, 6,1 Oef 344
o oY ? Y ”? 10,1 543 L 3044549
25 41 54,07 118 51,14 ? 356 .6 10,1 643 0.6 30449
CommagiflSs : '
Le TELESEISwy FREQUENCY -2 HZ ‘ , 6+ CULTURAL NOISE (SONIC)
2. KEGIOWAL EVENTs S=P.> 5 SEC , ‘ 7. POUR LUCATION ‘ ,
5., LOUAL EVENTs S=~P < 5 SEC : Be DISTANCE UNKMNOWNy NO S-P TIME

e THUUSAND CREEK EVENTe CEPTH FIXED AT 7¢5 KM 9, EMERGENT OK NUISY ARRIVALS
Se EARTHUUAKE s INSUFFICIENT UATA TO LOCATE : o :



omk i am R R R T S o R T R e e G S e S -

TABLE B2 (Cbntinued) . NW NEV 2 Seismicitﬁy Locations

e e e e e Y o S T e e e o - o e e B T i e e o S e Tm e T S A T e e oy o S e o e T T em e o e T P e e e W M A W ap TS wm W v v e

EVENT LATITUUE LOMGITUDE =~ DEPTH DIRECTION " DISTANCE - RELATIVE COMMENTS
UEs il DEG . MIN K i : DEG KM MILE MAGNITUDE '
26 S M1 B4, QU 118 51,t2 ? 354 4 10,0 6,3 . 0.7 314
27 T4 B4, 06U 118 91,29 ? S 355, 4 10,0 6.3 0.9 LR
20 4i1 35,99 117 11,97 ? S 134.,4 193.2 120.8 ¥ 245
29 41 54,35 118 50,64 7 o5 1U.5 6.6 1.3 -TY
30 41 D420 118 49,76 ? 7.2 10,9 6,6 0.7 314149
31 M) D453 118 51.35 ? S 355,1 T 1U.€ LB L,6. 1.8 314
32 b1 SHh.67 118 51,78 ? 352,90 11.3 7.1 0.3 304
35 ? ‘A ? 274, 8 ? 7 ? 245
54 41 54,29 118 Su,.74 ? 359,48 . 10.5 6.6 0ol 34449
3y C 41 34,02 118 S0,86 ? 358,66 10,0 5,5% 0.6 34449
I Csb 41 ol,.46 119 49,76 ? 247,17 88,6 934 14 249
e 47 S S ? 10545 7 S 6 :
L) 41 55.99 118 50,73 7 859,8 9.2 5.8 02 © 31499
59 . ? 7 ¢ 224, 7 ? 2 15
40 42 5,49 119 57,47 ? 288,7 S7.4 60,9 1.9 2+v9
41 47 4,07 118 $1,15 ? 356,45 S1U,1 6,3 De3 31449
42 4y 33,54 118 42,04 ? S 174,65 128,838 80,5 1,6 219
45 42 B415 119 4,59 ? 383,08 40,5 25,2 1.6 2
44 41 H3,8% 118 S1,lo ? 356,99 9,7 6,1 1.0 S5e449
45 S ? ? ? 266,8 ? - -7 ? 11549
46 43,79 117 7,36 7 121.6 169,1 1u5,7 2,6 2 ‘
47 40 957,27 117 10,99 ? 124,2  169,1 1U5,7 o 245
4n 41 B5.85 118 51,16 ? 356,99 9,7 6,1 G5 . 31449
49 41 S4%.UE 118 51,22 ? 356,V 1.1 5,3 Ded 30449
50 ? ? ? R 58,0 36,3 1.0 249
COMMENTS S : - : '
1 TELESEISHMy FREJUENCY a 2 HZ- ' _ 6o CULTURAL NOISE (SONIC)
2s REGILUsAL EVENTs S=P > 5 SEC ‘ 7. POOR LUCATION S ‘
3, LOCAL EVENTs $-P < 5 SEC : © 8¢ DISTANCE UNKNOWNe NO S=P TIME

4 [HUUSAND CREEK EVENTW CEPTH FIXED AT 7.5 KM 9. EMERGENT OR NUISY ARRIVALS
5, EAKTHGUAKE s [NSUFFICLENT DATA (0 LOCATE’ - :



'TABLE B2 (Continued). NW NEV 2 Swismicity Locations

e e e T e e T e e Y e P W e o T e e e e e T T e v T e P TR e Y e S e g e S S P em e TR W B an oy e e MR TR em e e S TR R o W e e =

EVENT LATITUDE LONGITUDE = DEPTH DIRECTL1ON DISTANCE . RELATIVE COMMENTS
~ DEG N oEG - mMIW KM DEG L KM MLLE MAGNITUDLE -
Gl Gj 11.63 118 36,77 ? 164 ,1 70.8 44,3 1.5 2493
52 . 4y Su.eT 117 8,31 ? 184,0  207,7 129.8 ? 245
5% 41 9Y.55 117 40,05 ? 78,5 99.8 62,4 1.5% 249
B 41 S4,5%6 0 118 40,89 ? C51.6 17,7 11,1 0.7 - 547
59 ? ? ? 293,5 7 7 ? 15
So © 89 93489 116 98,81 Y 142,40 297.65  181.,0 -7 21549
57 43 95,91 118 50,93 ? 3%8,2 9,8 6,1 0e5 34449
5 ? , ? ? . 296.3 -7 2 -7 1.5 .
59 44 36080 116 26,47 ? 12%.4 241.5 '190,9 ? 21549
60 G 2479 116 21,43 ? 120,%  241,% 190,9 ? 245
& 61 41 39,55 118 56,31 7 204,8 18,5 11,6 0.7 3
< 62 : 7 ? 7?7 2U2,8 ? ? ? 1¢5+¢9
‘ 63 7 7 ‘ 7 307.4 ? ? A 14549
COMMENTSS ' : :
1o TELESELSHy FREQUENCY o 2 HZ ‘ e CULTURKAL MOISE (SONIC)
2. REGIUNAL EVENTs S=-FP > 5 SEC ‘ 7. POOR LOCATION )
3. LuCnalL EVENTs S=P < 5 SEC 8. UISTANCE UNKNOWN. NO S$-P. TIWE

4o THUUSANU CREEK EVENTs DEFTH FIXED AT 7.5AKM : 9.AEMEHGENT OR WNOUISY ARRIVALS
Se EARTIHGUNKEY INSUFFICIENT DATA TO LOCATE ' : : '



. TABLE B3. NW NEV 1 Apparent Velocity Vector Results

..EVENT dayigiﬁmin § _?izggzgﬁN ‘Km/séCAp VEéft/sec Sgétggs Z 'EiSTANﬁf : COMMENTS
167/19/ 2 D 111.8% 4.1 8.8%F .6 29,0t 2.2 (4) © o278 173+ 2,7
2 167/22/20 P 132.7% 2 6.2% 2 20.5% 2 (1) : 230 143 : 2,7
3. §A~163/-2/40 § 223.3% 3.1 735.1% 1.8 115.1% 6.2 (15) »i. 7 ? i_ll
6 i 168/14/57 ; 326,4% 1.3 45.3%F 1.1 148.6% 3.7 ¢ 3) ; ? 7 ; 1
5 165/19/23 ? g 7 ( 0) % 2 2 6
4 6 168/22/25 : 172.0% 2.2 6.5% .3 21.5% 1.0 ( 4) + 215 134 2,7
& g L 168/23/32 + 229.3t 2.3 6.5t .2 21.6% .8 (3 o+ 2 ? 2,7,8
| 8 A? 169/ 2/ 1. 20203t 2.2 42.5% 2.1 139.4% 7.2 (-3) MY 21
9 i 169/ 6/25 i 122.7% .5  8.1f .2  26.6% .7 ( 2) ; 360 224 : 2,7
10 ¢ 169/10/15 ¢ 200.1%f 2.8 37.2% 1.8 - 122.0% 6,2 (15) : 7 2 i1
1 169/21/ 3 ; 127,75 1.6 11.6% .2 8.3% .9 (&) §  T 1
12 ‘§ 170/ 6/4i' §~ 95,8% 2.0 7.5t .2 24,8% .8 (15) § 439 273 2
13 : 170/10/39 : 199.6% 4.1 - 6.6% L4 21.7F 1.4 (15) : 38 - 26 1 3,6,7
14 i 170/11/57 % 316.6% 4.5 17.4% 1.0 57.1% 3.4 (7) + 2 ? i1
15+ 170712/ 1 & 31.2% 7 5.8% 7 19.2% 2 C1y o+ 11 7 i 4,7
COMMENTS ) o . : T
1, TELESEISHM: FREQUENCY = 2 HZ ‘ _ 6+ CULTURAL OR SYSTEM NOISE
2. REGIUNAL EVENTy S=-P TIME > § o 7. PUOOR LOCATIUN , ,
3y LOCAL EVENT: $=P TIME < & . 8, LISTANCE UNKNOWNy NO S-P TIME

4o DENIO SwWARM EVENT :
5, EARTHOUAKEy INSUFFICIENT DATA TO LOCAT?_
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TABLE B3 (Continuad). NW NEV 1 Vector Results

= G
mn “hie

AP VEL

of

l EVENT.; dayigiEmin biggggng Kn/sec - _Kft/sec. ggétors EéSTAKﬁE CUMHERTS
16 170/12/ 9 29.9% 2 5.9% 7 19.5% 2 (1) 11 7 4,7
17 170/16/46 30,3% 2 5.9% 7 19.6% 7 ( 1) 11 7 4,7
18 L 170/16/48 32.1% 9.3 6.1% .9 20.0f 3.0- - (7) 11 7 s
1o i 171/ 1/49 24,0 8,) 7.2t 1.0  23.8% 3,5 ( 3) 11 7 5'4
20 1717 8/20 : 104.0% 2.3 6.9% .4 22.7% 1.4 ¢ 7) 313 195 & 2
21 171/10/22 1 32.9%11.6  6.6% 1.1 21.9% 3.9 (15) 11 754
22 172/ 2/44 7 e I ( 0) ? 7 :.2,5,8
23 172/ 6/ 5 306.6% 7 8.6% 7 28.2% 2 1) : X 4 % 3,7
24 172/ 6/ 6 32.0% 5.5 5.9t .S 19.5% 1.8 (71 7 4
25 172/ 8/50 i 203.4% 6.3 37.1% 6.5 121.9%21.5 (7)) 2 7 i1
26 172/ 9/ 8 ¢ 204.8% 1.7 24.8% .8 81.5%f 2.7  ( 4) ? 7l
27 172/23/57 43.4%11.0 5.5t .1 18.3% .5 ( 2) 11 7 ; 4,7
28 173/ 6/ 3 & 34.1%11.2° 6.4% 1.0 21.1%f 3.6 (15) ST S
29 173/ .7/23 ¢ 326.8% 3.4 28.3% 1.3  93.0% 4.4 (15) ? 7 i1

D 334.3% .3 2041 .1 66.0f L4 ? T 1

30

173/ 8/59

CCOMMENTS S

1.
2e
S
LX)
D

TELESE ISH
"REGIUNAL EVENT
Lotab EVENTY
DENLIU SvARI EVENT

FREWUENCY =

2 HZ

S-P TIME > §

S=F TIME < %

€. CULTUKAL OR SYSTEM NOISE

T

7)

PUOK LOCATION
8s DISTANCE UNKNOQWNs NO S-P TIWME

EAKTHOUNKE 4 INSUFFICLIENT DATA TU LOCATE



TABLE B3 (Continued). NW NEV 1 Vec or Results

31 ¢ 173/ 9/37 ¢ 28.0% 7 6.4% 7 21.0% 2 (1 i1 7 4,7
32 i 173/10/37 ';-'32,6t 9.4  6.1f .9  20.1% 3.0 (7) i 11 74
33 % 173/12/20 : 208.4% 3.5 26.3f 1.5 §6.4% 5,2 (15) i 7 i1
3 i 173/19/36 L 176.0% 7 7.5% 2 Vza.oi 2 (1) ; 6 . 4 ; 2,7
35 il 174/ 0/ & : 1.6% 2.0 -g.2%f .5 27.1% 1.7  ( 7) P o193 120 i_z.
\ 36 174/21/31 ; 295,5%10,9 11.5% 1.6 37.8% 5.3 . (15) : 8 50103
? 37+ 174/12/15 ; ‘ ? ? o ? ¢ 0) D1 7 ; 4,5
38 i 174/22/23 : 125.4% 3.1 8.1% .5 26.8%f 1.8  (15) i 310 193 i 2-
39 175/ 0/42 P 195.4% 4.3 46.8% 2,5 153.5% 8.3 (7 ro v i1
40 i 175/ 8/21 1 197.3% 4.4 6.1% 4 20.1% 1.6 (15) i38 24 i 3,6
41+ 175/11/17 : 197.9% 2.9 6.1% .3 20.2% 1.2 (15) + 38 24 i 3.6
42 i 175/11/34 ; 31,8%11.1  5.9% 1.0 19.5% 3.5  ( 3) ¢ 11 7 i
43 i 175/19/13 : 127.3% 3.3 7.4% .6  24.4% 2.1 (7) Z'_231 144 i 2
bei175/19/27 ¢ 19.5%17.5  7.1% 2.0 23.3% 6.7 (1) ©on 7ot
45 i 175/19/51 P41.4% 7.3 6.4% 1.1 21,2% 3.7 (&) 11 7 i
COMMENTSE | 5 o .
1. TELESEISMr FREWUENCY = 2 HZ . 6. CULTURAL OR SYSTEM NOISE
2. REGIUWAL EVENTy S=P TIME > 5 | 7. PUOR LOCATION o
5. LOCAL EVENT: S=P TIME < 5 8, DISTANCE UNKNOWNs NO $=-P TIME

Ge DENLU SWARM EVENT

5. EAKTHOUAKE, INSUFFICIENT DATA TO LOCATE




_VS‘.—

. TABLE B3 (Continued).

NW NEV 1 Vector Results

4o DENIO sSwinRM EVENT

8. DISTANCE UNKNOWN: NO S=-P

EVE&i'i dayTégEmin 'Diﬁggiggx ij/secAP VEéft/sec 5gétg£s § i;STAﬂgg COMMENTS
46 176/ 1/25 : 109.3% 3.9  6.3% .3  20.9% 1.3 (12) : ? ? : 2,8
47 i 176/ 1/38 ¢ 197.6% 2.7 6.2% .2 20.4% .9 (&) i 38 24 ; 3,6,7
48 176/ 1/56 : 196.8%f 7.2 6.5t .5  21.4% 1.7 (7 ; 38 24 1 3,0
49 176/16/46 ¢ 33.5%11.3  6.4% 1.1 21.2% 3.7 (15) : 11 7 ;4
50 i 176/17/46 i 26.9% 8.8  6.8%f 1.0  22.3% 3.5 - ( 3) i 11 7otk
51 i 176/18/24 ¢ 34.4%F 1.6 5.5t .2 | 18.2t .7 (4) : 11 7 g 4
52 i 176/18/25 33.4% 7 5.3% 2 17.7¢ 7 (1) i 11 74,7
53 176/20/37 ¢ 277.7% 3.3 7.8% .3  25.9% 1.1 (1s) i 101 63 i 2.

56 i 176/22/°5 32,65 9.7 6.0 L9 19.9% 3.1 (7) i 11 7 i4
55+ 177/ 5/ 1 : 198.8% 2.4  5.9% .1 19.6%F W4 (&) Po3s 24 ; 3,6,7
56 i 177/ 6/11 : 166.8% 3.5 48.3% 3.9 158.4%13.1 - © ( 7) R T

57 177/10/24 + 101.4% 2.2 11.0f .4  36.3%.1,5 (15) 2 2 i

58 177/11/18 34.1%11.8  6.5% 1.1 21.4% 3.9 (15) :o11 7 i
59 177/14/ 4 '; 201.1% 5.2 7.2% .4  23.9% 1.5 (7) P20 13 ; 3
60 i 177/15/46 :o281.6% .3 7.9% .0 26.0% .1 ( 4) 28 . 18 i 3

COMMENTS S - | o

1o TELESEISHMy FREWUENCY = 2 HZ 6. CULTURAL OR SYSTEM NOISE

2e REGIUNAL EVENTe S=P TIME > 5. -7+ PUOR LOCATIOUN

3. LOUAL EVENTs §=P TIME < 3 TIME

5, EAKTHYUANKE,y INSUFFICIENT DATA TU LOCATE
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TABLE B3 (Continued). NW NEV-1 Vector Results

EVENT dayTﬁigmin 23 DgsgggggN ‘AKm)secAP VEift/seé ggétgis.g .§£STA¥SE COMHENTS
61 i 178/ 4739 : 32.1% 9.8 6.0 .9 19,9%f 3.2 (7) : 11 74
62+ 178/ 6/11 : 33.9%11.5  6.4% 1.1 21.2% 3.7 (1) : 11 7 i 4
63 fi 178/10/39 ¢ 33.9%11.4  6.4% 1.1 21.3%f 3.7 (15) ¢ = 11 7 -
64+ 178/19/ 7 + 118.3% 5.5 10.8% .7  35.6% 2.6 (asy + 22 i1
65 -§.'179/ 342 2 ? (0) : 429 267 P 2.5
66+ 179/ 3/48 i 32.2%10.0 6.1 1.0  20.0% 3.3 (7)) + 11 7 : 4
o 67  + 179/ 8/45 + 31.8% 9.6 6.1% .9  20.3% 3.1 ¢y o+ 11 7 -
| 65 : 179/23/ 8 : 125.7% 2.7 © 6.0% .2 19.9% .8 ( 4) ; 362 213 & 2
69 180/ 7/42 { 102.2% 3.7 53.0%f 1.9 174.0% 6.5 (15) : 1 K Pl
70 : 180/ 8/54 ; 322.8% 4.8 16.4% 1,6 54.0% 5.5 - (15) i ? ? G
71 i 180719/ 9 ¢ 120.5% 4.3 6.8% .8  22.4% 2.7 (7) ¢ 225 140 i 2
72 % 181/ S/17 & 33.5%¥12.3 6. 4% 1.2 21.1% 4.1 (15) P11 7 4
73 i o181/ 5/36 ; 32.2% 9.4 6.0% L9 19.9% 3.1 (7)) P11 7 i4
76 i 181/ 5/42 ;, 36.8%10.1  6.5% .9  21.5% 3.2 (15) o 7 44
75 ,; 181/ 5/52 & 37.3%10.4  6.1% 1.4 20.3% 4.7 . ( 3) ; 11 7 ; 4
COMMENTS S - o C ' _
1o TELESEISMy FREWUENCY = 2 HZ | : 6. CULTURAL OR SYSTEM NOISE
2 REGLUNAL EVENTy S=P TIMI > § T POOR LOCATION
5. LOCAL EVENTy S=P TIME < & - 8, DISTANCE UNKNOWNy NO S=P TIME

He DENIO SwARM EVENT
v EAKTHOURKE s INSUFFICIENT DATA TO LOCATE




- i e . R T R G (R R ER e SR S caw S

TABLE B3 (Continued). NW NEV 1 Vecior Results

et L T e b P e kmseet Keessee  Neseors §oRSTMYEE G comumyis
76+ 181/ 7/30 ; 35.7% 8.6 6.1% 1.0  20.2% 3.6 (3) : 11 7 i4
77 1 181/ 7/4s f36.5%10.5 5.8t .8  19.2f 2.8 ( 7) R 7 i
78 i 182/ 3/1L ¢ 155.7% 6.5  6.4% .7 21.0% 2.5 C7y ¢ .16 10 i 3
79 i 182/ 9/13 { 33.9%11.3  6.4% 1.1  21.1% 3.7 (15) : 11 7 ; 4
80+ 182/ 9/57 +- 34.0%11.5  6.4% 1.1 21.3% 3.7 (15) : 11 7 f 4
v 81 ; 182/10/ 1 ; 31.9% 9.4  6.1% .9 . 20.0% 3.1 (7 ; 117 RN
a r 82 i 182/10/22 i 42.3%¥12.8 5.4t .1 17.9% .6 (2) : 11 7% b
83 i 182/10/37 : 36.7t 9.2 6.5t .9  21.5t 3.0  (15) : 11 7 i 4
g4 ¢ 182/14/14 ? 32,0t 9.7 6.0f .9 19.8t 3.1 (7) : 11 7t
COMMENTS S _ o L . :
. 1. TELESEISHy FREQUENCY = 2 HZ " 6, CULTURAL OR SYSTEM NOISE
2+ REGIUNAL EVENTs S=P TIME > S - 7+ PUOOR LOCATION )

4o LOCAL EVENT: S=P TIME < 5 8+ DISTARCE UNKNOWNy NO S=P TIME
4o DENIU SWARM. EVENT ‘ - | - .
5, EAKITHQUAKE s INSUFFICIENT DATA TO LOCATE




—ih

‘e ‘iem ik e e ‘i ‘Hem e ‘R e Ve I!III lll ‘i E@i.
TABLE B4. NW NEV 2 Apparent Velociﬁy_Véctor Results
1 151/ 5/23 209.2%20.0 26.6% §.2  §7.5%T27.2 (1s) & 1 R
2 191/22/38 50.2% .8 . 6.0t .1 19.7F .4 (15) + 31 19 ¢ 3
3 192/ 9/46 290.8%17.2 16.5% 5.6  S4.4%ls.5  (15) : 7 7 i1
4 193/ 1/44 : 242.8% 4.8 10.6% 1.7 35.0% 5,7 (15) ; R 3 -
5 193/ 5/18 ¢ 239.6% 1.5  8.7F .4  28.7% 1.4 (1s) :+ 7 7 i1
6 193/ 6/49 & 257.5% 3.2 7.1% .5 23.5% 1.7 (Is) i 112 70 : 2,9
7 193710/ 1 133.4%F .2 S.1f. .0 16.9% .1 (7) 61 26 2,9
§ i 194/10/10 i 250.6% 7.4  5.9% .9 19.6% 3.0 (7) 83 52 §-z'
9+ 194/13/19 i 275.6% 2.7  5.6% .2 18.5% .8  ( 7) 80 50 & 2
10 ¢ 196/ 2/26 ¢ 303.8%25.9 33,2%12.9 109.0%42.6 (1sy) + 1 1 ; 1
11 196/ 3/12 i 358.5% 4.7 7.9% .5  26.1% 1.8 (15) & 9 6 : 3,4
12 196/ 4/ 6 ¢ 352.8% 6.4  8.2% .9 27.1% 3.1 ( 7) 10 .6v'§ 3,4,9
13- 196/ 7/ 6 &+ 117.9% 4.2 6.3% .4 20.9% 1.4 . (15) 10 6 i3
14 196/ 7/15 z-asé.si'7;2' 7.8% .8 25.7% 2.7 (15) : 9 6 3,4
“1s 196/ 7/44 ; 1% 5.1 7.9t .6 26.1% 2,0 (15) 9 6 ; 3,4
COMMENTS 3 . | . |
1. TELESEISH, FREQUENCY A 2 HZ 6, CULTURAL NOISE (SONIC)
S 2. REGIUNAL EVENTy S-P > & SEC 7« POOR LOCATION ' :
3. LOCAL EVEHTy $-P < 5 SET . de DISTANCE UNKNOWNy NO S=P TIME
4o [HOUSAND CREEK EVENTy DI>TH FIXED AT 7.5 KM 9, EMERGENT OR NUISY ARRIVALS

Se EARTHUUNKE INDUFFIClLN1 DATA ru LOCATE
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TARLE B4 (Continued).

NW NEV 2 Vector Results

4o [HOUSAHD CREEK EVENT
5, EARTHUUAKE

INSUFFLICLENT

VDIPTH FIXED AT 7.5 KM - 9,
DATA TO LOCATE

16 196/ 8/ 9 358.5% 7.1° 8.3t .8 27.5% 2.9 (15) 9 6 i 3,4
17 196/ 8/27 i 354.7% 6.4 8.0% .7 26.3% 2.4 (15) i 10 6 i 3,4
18+ 196/ 8/37 + 252.4% 3.1  5.6% .3  18.4% 1.3 (15) : 90 56+ o2
19 196/ 8/42 : 357.4% 5.6  8.1% .6  26.6% 2.2 (15) : 10 6t 3,4
20 196/ 9/ 2 % 3.1 7.9% .3 26.0%f 1.2 (15) i 9 6t 3,4,9
21 196/ 9/ 5 & 356.8% 3.5  8.2% .4  27.1%F 1.4 (15) P10 E
22 196/ 9/25 & 355.5% 4.6 C7.9% L5 26.2% 1.7 (15) 10 6 ¢ 3,4
23 i 196/15/43 : 357.0% 5.3 7.8% .6 25.9% 2.0 (15) : 9 6 ; 3,4
24 i 196/15/45 ¢ ? 7 7 (o) : 9 6 ¢ 3,4,5
25+ 196/15/57 ¢ 356.6% 1.3  8.8% .2  28.9% .7 (2) : 10 6 3,4,9
26 i 196/15/59 i 354.4% 5.3 7.9% .6  26.2% 2.0 (15) : 9 6 3,4
27+ 196/16/18 D 355.4% 5.1 8.0% .5 26.3t 1.9 (15) : 9 6t 3,4
28, 196/17/15 § 134.4% 2.3 6.4t .1 21.1%f .6  (15) : 193 120 ¢ 2
29 197/ 3/40 S5t 5.6 7.9t .6 26.2% 2,2 (15) ¢ 11 7 i3,
30 197/ 3/55 7.2% 8,1 9.,2f ,7  30.2% 2.6 (7) 11 7 3,4,9
CUMMENTS S . - _ _ . ~
1. TELESEISHy FREQUENCY A 2 HZ. 6+ CULTURAL NOISE (SUNIC)
2, REGLUNAL EVLNT. S=F > 5 SEC "7« POUR LUCATION ,
Se LOUAL EVENTe §-¢ < 5 SEL e DISTANCE UNKNOWN« NO S-P TIME

EMERGENT OR NUISY ARRIVALS




Fpracnsm

TABLE 34 | (Centinued) | NW NEV 2.' Vector Results 0
E,VENT day'l_“l]izinmin Digfgzt{?h ‘Kim/secAP V'Eif.t/sec ' ﬁgétgis : I}J{riSTANI%}J? C-OMHENTS,.
31 197/11/32 355.1% 6,9  7.8% .7  25.9% 2.6 (1s) + 10 6t 3,4
32 197/12/15 G 0352.5% 6.2 8.0 .7 26.3% 2.3 - (15) % 11 7 i 3,4
33 i 197/19/ 7 i 274.8% 3.3 8a2% .5 27.1% 1,7 (15) i 7 7 i
36 i 198/ 5/22 i 359.8% 6.6  7.8% o4 25.9% 1.6 (15) ;;‘ 10 6 3'3,4,9
35 198/ 5/30 : 358.8% 7.6  7.8% .6 25.9%f 2,1 (15) . 9 6 L 3,4,9
36 198/ 9/17 P 247.7% 4.2 5.8t .5 19.2% 1,9 (15) : 88 ~;55  ; 2,9
. 37+ 198/10/18 : 105.5% 2.9 .3t .0 135 .1 sy ¢ 2 1 6
L 38 § 198/11/15 ‘; 359.,8% 6.3 - 8.0F 7 26,5 2,5 (15),"2' , 9 . ;6 ; 3,4,9
39 i 198/12/12 2;4.7i'2.4 27.2f 1.4  89.,5% 4,7 aasy : 2 2 i1
40 198/12/17 ; 288,7%15,7  7.5% 2.5  24.8% 8.2 (15) Y 61 : 2,9
41+ 198/16/16 + 356,5% 7.7 8.3% .9  27.3t 3.0 (as)y + 11 7 i 3,4,9
42 ©o198/17/42 174.6%34.2  9.6% 3.1  31.8%10.2 ( 7) P 128 80 : 2,9
43 ¢ 199/15/23 333.8% 9.7 7.2% .6 . 23.8% 2.0-  (15) P 40 25 2
RY: ; 199/16/47 356.3% 6.3  7.9% .7 . 26.1% 2.4 (15) : 9 6. : 3,4,9
45 ‘f 199/21/50 & 266.8% 5.8  7.8% .9  25.8% 3.2 (15) ; a2 1,9
COMAEN 1 83 - | , _ ‘ . S ? R
1. [ELESEISHy FREQUERCY A 2 HZ - : &+ CULTURAL NOISE (SONIC)
2. REGLUMAL EVENTy S=F > & SEC : 7. POOR LUCATION -
3. LOCAL EVEMTy s~ < 5 SEC ' 8¢ DISTANCE UNKNQWN« NO S-P TIME

4o [HUUSANU CREEK EVENT. UIPIH FIXED AT 7.5 KM 9. EMERGENT OR NUISY ARRIVALS
5, EARTHUUAKE s INSUFFICLENT DATA 10 LOCATE :




TABLE B4 (Continued). NW NEV 2 Vector Results

EVENT da)’TII\IiEmin DII\I;E;;.E?’J!N - Km/s,ecAP. V-.'Eift/sec I\l\:zz:tgf‘s | Ii)(nIISTANﬁ]}{: COMMENTS
46 ; 199/23/35 D 121.6% 3.7 6.7F .3 22.2% 1.2 (15) : 169 . 105 '§'2
67 % 199/23/43 § 126.,2% 5.9  6.6% .5 21.7% 1.8 (1s) : 169 105 % 2
48 i 200/ 7/59 D 356,31 6.3 7.9% .7 26.1% 2.4 1s) i 9 P 3,4,9
49 i 200/ B/ 4 i 356.0%f 6.6 B.0F .7 26.4% 2.5  (7) i - 10 6 ¢ 3,4,9
50 g 200/ 8/ 9 & 7 ? ? | ¢ 0) L 57 36 2,9
51t 200/10/58 i 164.1% 6.1  6.5% .5  21.6% 1.7 (1) : .70 &b i 2,9
é 52 ; 200/23/21 ; 134,0% 4.5 6.3t .3 20.7% 1.1 (15) i 207 129 ; 2
| 53t 200/23/56 i 78.3% .2 6.3f .0 - 20.9% .1 . (7) : 99 62 : 2,9
s4 i 201/ 3/16 i 51.6% 5.0 7.1% .8 23.5% 2.8  (7) + 17 11 : 3,7
55 i_ 201/10/43 : 293.5%16.2 20.0% 5.9 65.7419.6  (15) Lo ? ;'1
S6 : 201/12/52 i 142.4% 2.0 6.4% .1 21.1% .5 ) 257 160 i 2,9
57 i 201/13/29 ; 358.,2% 4.3 8.2%f .5 27,2t 1.7 sy 96 ; 3,4,9
58 i 201/13/30 : 296.3%11.1 15.3% 2.8  50.2% 9.4 (15) P g N
59 i 201/23/ 7 ¢ 123.4%12.3 8.7 1.8  28.7% 6.1 . (.7) i 241 150 ; 2,9
60 : 201/23/18 : 120.3% 4.8  5.9% .5 19.4% 1.9  ( 7) + 241 150 P2
CCUMMENT S A - |
1. TELESEISHs FREQUENCY A 2 MZ ~ 6+ CULTURAL NOISE (SONIC)
2. REGIuUrAL EVENT: S-P > 5 SEC : . 7. POOR LOCATION

3. LOCAL EVENTy $=# < 5 SE- : 8. DISTANCE UNKNUWNe NO S=P TIME
4. [HOUSAND CREEK EVENTe LDIPTH FIXED AT 7.% KM 9, EMERGENT OR NUISY ARRIVALS
5. EARTHUUAKE . INSUFFICLENT DATA TU LOCATE R
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TABLE B4 (Continued). NW NEV 2 Vector Results

N TINME : DIRECTION AP VEL No. of : DISTANCE : S
EVERT day hr min :+ Azinuth Km/sec Kft/sec Vectors ¢ Km - Mi . COMMENTS
61 ¢ 202/11/ 4 : 204.8% 5.6  6.4% .7 21,2+ 2.3  (15) : 19 12 : 3
62 : 202/12/12 : 202,8% 9.6 42.0%f 7.7 137.9%25.4  (15) : 7 7 1,9
63 : 202/13/59 ¢ 307.4%20.1 .25.9% 6.0 85,0%19.7 7y ¢ 1 7 :1,9
COmmENTS? - . ' _ : S .
1. TELESEISH, FREQUENCY A 2 HZ o 6, CULTURAL NOISE (SONIC)
2. REGLUSIAL EVENT) $=P > % SEC 7. POOR LOCATION
: 5. LOCAL EVENTY S-P < 5 SEC - 8s DISTANCE UNKNOWNs NO S=P TIwmE
o G [AUUSAND CREEK EVENTe OJZPTH FIXED AT 7.5 KM 9, EMEKGENT OR NUISY ARRIVALS

: Y. tARTHUUAKEY INSUFFICLEN| OUATA [0 LOCATE




