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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.

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
; Evont:z
Cluster Name Location Per Cluster
Denio T.47N., R.34-35E.; 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 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 detected 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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those detected at Denio, 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 perimeters.

Apparent velocity vector mearurements, Appendix B, were used to
deduce location precisions 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 Pg,.
which has a velocity of 6.4 km/sec. A deeper layer, Pg,(?), 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-
uity. 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
eastern valley. 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 v5x10!3 energy units per recording day.

Teleseismic time delay studies cannot be considered for at least
another six months. NOAA is approximately one year behind in publishing
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-channel
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 spceds 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 MEASUREIENTS AND THEIR RELEVANCE TO N. W. NEVADA
: EVENT LOCATIONS

Plane wave apparent velocity vector measurements 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.

E‘L‘"‘

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

E’f&ﬂ y

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

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

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

|
Tables B3 and B4 in Appendix B give final vector solutions for all I

& events. NW NEV 1 results do not include correction times, whereas those |
) for NW NEV 2 include elevation time corrections. For both surveys, least ;
H

1

|

|

e 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 comparison 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 particr’arly true for M NEV 2 results. When more
i than two stations require significant station corrections (v20-50 msec),

precise station delay times are difficult to resolve. Had known impulsive

S events been available at distances less than 200 km, improved vector solu-

1_ tions, ard hence, location accuracies could have been obtained.

Ji Because difficulties were encountered in determining precise station

3 corrections, NW NEV 1 vector solutions (Table B3) and event locations

x (Table Bl) were calculated without station time corrections. The range
; of elevations for this array was 207 meters (Appendix A), and the standard

? G deviation of elevation differences from the mean elevation was *142 meters.

o In practice, 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 (Appendix A) was 560 meters; @
i the standard deviation of station heights from the mean seismometer ele- I
! vation was *210 meters. These values are relatively large for a 9-km

3 diameter array and can have significant effects on vector solutions and
; location determinations. Therefore, correction times were calculated by |

< |

"

-




choosing 4.6 km/sec as the velocity to correct arrivals to the mean seis-

B mometer elevation. These elevation time corrections did give better vector
solutions, but improved solutions could only be obtained by reducing Sta-

y 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

é effect on vector solutions (because of the reduced weighting), had average

residuals of -5 msec, but deviated within %60 msec, depending on event

azimuth.

L]
2 : :

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
s N. W. NEVADA APPARENT VELOCITY GROUPS SELECTED FROM
P TABLES IN APPENDIX B
- Ap. Vel. No. Of Avg. Ap. Vel.
- Group Range, Events Within For Group, Comments
km/sec Group km/sec

v 1 5.61-5.64 2 5.6 Upper Layer

2 5.85-6.01 5 5.9 Layer over Pg)
" .
B 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, Pp
%, 6 3. /5+ 12 8.8+ veiocities >P
a
EI The first velocity group in Table 2, loosely defined by two events
B with a velocity of 5.6 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 secms 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 suite includes teleseismic velocities.

o T T I

~

A

- Vp/Vs ratios were determined from 24 of the better Denio and Thousand
2 Creek events; reduced Wadati diagrams are shown in Figures 6-8. Data

i from seven Denio events, Figure 6, suggest Vp/Vs = 1.70 * .05, whereas
3 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

L
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tpj; and tsjj are the respective P and S arrival times at the ith station

from the jth event. tpj and 'ésj 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 Lznio 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, o, is 0.22 # .02 as determined from 24 events.

Apparent velocity vector divergence and velocity variation maps

for hypothetical NW NEV 1 events are shown in Figures 9 and 10. These
distributions are, respectively, 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, 11 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.. Thas, distances to Denio fuul, which
occurred at depth, have been well established.

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 V5 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 (“4.5°) 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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= to assign azimuth, and an S-P distance chart derived for hypothetical
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. Assuming both 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

1 plotted. These include seismicity versus calendar day, time of day, and
3 azimuth. From the azimuthal distributions, Figures 16 and 19, many south-

eastern events were noted 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 station; 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.

| 5

tJ- e

TABLE 3
SUMMARY OF ASSIGNED BATTLE MOUNTAIN BLAST LOCATIONS
COMrAlws TO ACTUAL LCUAWIONS

(The directions and distances to Battle Mountain blasts take precedance
1 over those listed in the Appendix 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

* i NW NEV 1 NW NEV 2

1 Event = Observed Assigned Event Observed Assigned
No. Azimuth Distance, Km No. Azimuth Distance, km

3 2 132.7° 230 28* 134.4° 193
& 3 38* 125.4° 311 46* 121.6° 169
43 127.3° 231 47* 124.20 169
68 128.7° 343 52% 134.0° - 208
3 21 120.5° 225 56 142.4° 258
57 123.4° 242
: 60 120.3° 242

! avg. 126.324.4° 26855 Avg. 128.6%8.3°  211.636.5

P Error -12.7° +23 km Error -4.4° -33 km
| *Asterisks denote solutions with six stations.

s — ——



b i i i l_. ”‘__._. F'J ) ‘i o | .'?'“"‘ ) .‘.‘,‘-- h_‘_‘_‘_. A & &‘." w",.l ‘ 's e &-;..‘ I . H,“.“l £ “n"l . E'e-.- = “-.\— ..'

SURVEY START.

R B HUBALE
540
53
180 34 450 520 84
170 270 33 440 510 60 770 830
EVENT 7 l60 26 320 43 500 59 760 820
NUMBER 6 11 150 25 310 38 420 490 5B0 64 68 750 810
5 10 14 210 240 3C 370 41 x 48x 57 630 67071 1740 800
A 2 4 9 13x 20 230 29 36x 40x 47 5€ 620 660 70 730 790
Q 1 3 8 12 190 22 280 35 39 46 55x 6lo 65 69 720 78
167 168 1€9 170 171 172 173 174 175 176 177 178 179 180 181 182
C:‘;LE:‘:U:\R D.I'Y

FIGURE 14. NW NEV 1 seismicity versus calendar day. Circles (o) after event numbers identify Denio
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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

N 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

i Relative magnitudes, My, were calculated from event durations of

B 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 Rl and B2 (Appendix B) should not be compared with .the standard
Richter 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
i 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 equation used
in this investigation for relative magnitudes was:

My = =2.u + 2.0 logyg(t) + v.0035(d),

where My, T, 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).

“...‘.J ,

Relative magnitudes for local events are included in Tables Bl and
B2. Of particular interest are magnitude relationships for the three
microcarthquake 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; Crainec Creek events are not included because the distance, 38.5 km,
is too great to derive meaningful recurrence relationships from six events
with magniiudes of 1.0.

foad . et
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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 carthquakes. 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 sampling is incomplete 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 Figqures 14 and 15; although histories for
Craine Creek events with relative magnitudes less than 0.9 are not 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.

“."'_ n

i

% Recognizing shortcomings in the relative magnitude scale, some indi-
cation of the energy released per event can be obtained from Richter's
=3 " magnitude-energy relationship,

log E, = 11.8 + 1.5 M,.

- Because M, is substituted for M, the energy, Er 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, n2x10! 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 energy
estimates per day, this cluster would also have released Vv2x10 13 energy
units per da,. The Thousani Cceek event exl:sted, and tapc .ecording ceascG

when Denio events were still occurring, Figure 22. Hence, a more reason-
able assumption is that energy released for each cluster was ~5x1013

energy units per recording day.

hh 4.

foead

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

b4

. Total Energy Energy Released
Cluster No. of.Events No. Of Released, Per Day,
Per Cluster Recording Days Energy Units Energy Units/Day

poa

Denio 39 15 3.0x10'" 2.0x10!3

Fid

Craine Creck 6 15 1.5x10M" 1.0x10!3

Thousand Creek 26 11 5.2x101% 4.7x1013

Pl _
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FAULT PLANE SOLUTIONS WITH EMPHASIS ON THE DENIO SWARM

First motion plots for 27 werll-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 SEISMICITY TO GEOTHERMAL
INVESTIGATIONS

Krapp and I'nicht (1977) Lave shown ti:: in regiors 'tk geothermal
gradients greater than 10°C/km, heat generated 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 0 earthquake will occur
if all pores fracture simultaneously in one cubic meter of rock with 1%
porosity. A magnitude 3.6 earthquake results from simultaneous fracture
of pores in 106m3 (diamcter ~ 0.27 km) of the same rock. Greater porosity
will increase the energy 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-
carthquakes deteccted in many Known Geothermal Resource Areas. It also
suggests a reason for the lack of activity on other areas, especially
those in the northwestern 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 fracturc permeability for a geother-
mal reservoir, they limit the total volume of rock involved in a single
fracture event. The magnitude 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 V2.5 km; depths of Denio events averaged 6.4 %
0.6 km, and Thousand Creek events had nearly identical apparent velocities
of §.02 * 0.14 km/sec indicating common focal depths. In view of the
manner by which point source events may be overlaid and compared, tae
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 this 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
rould 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 velocity.

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 bz filled with steam. If this is the case with the
N. W. Nevada area, a shallow, anomalous low-P wave velocity layer is sus-
pected, and compares with that measured by Senturion at The Geysers; it
would explain difficulties in assigning precise time corrections at
selected stations.
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Most N. W. Nevada microearthquakes recurred in small temporal clusters
or as isolated 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 obtained from Denio and Thousand Creek events; the value
may be incorrect because a precise 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 additional informa-
tion about the shallow layer velocities.
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APPENDIX A

Tables Al and A2 list station coordinates for the respective 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 A&ray Coordinates (July 16 through July 30, 1977).

PROJECT: Nw NEV 1

----- o e e R R e S N R o o T e e B o R g, e e A e e e S e e O o o e e e e e e e e e e T e

SIA A Y Z VELZ NZIMUTH KAD LATLIUDE LUNGITUDLE ELEV DELZ
Ky | KF T KF I KF 1 DEG MILES DEG M™MIN DEG ™MIN KM KM
1 .I.U!o.‘ﬂ‘)’ I.-‘S.'l.‘.':‘i'-} 4,21uU -+350 b2.22 2.639 Q.:. 56027 118 400”“ 10283 -+111
2 1Mna,ull le2.176 2,120 + 390 129,42 2,798 41 53,61 118 41,25 l.561 « 166
3 Lol 509 LLl7.845 4,244 -e330 207,09 2.917 4l 52.91 113 45,27 1.292 -.,102
4 1358. /714 154,008 4,320 -.2595 278,70 3.0u4 41 55,54 118 47,20 1.317 -.0786
o L724n23% L49.197 H,220 «B'tD 351.89Y 2.009Y 41 57,36 118 44,16 1.591 o127
2y 1’4.?63 Lél-b?'—l 44540 -e230 H45.99 eU32% 41 955.14% 118 46.70 1.323 "'.U?Z
nyb 1/%.993 131557 Nhi!5 o ' 2edh]l 4 hi1 55,14 118 43,74 1.394 sl
*SIATIUN MU, 6 EXCLUDED FRUM AVERAGE RADIUS CALCULATIONS*
ARKANY TILT: o VEG ( 422 FELT / DY MILES) AT 227 DEG AZIMUTH
SRUJECT: WNw NEV 1
sTn X Y Z DELZ AZL1MUTH RAD LAT1TUDE LONGITULE ELEV DELZ
K K™ METER METEK DEG K DEG MIN DEG WMIN KM KM
] 27.229 42,220 1283 ~110 B2e22 HebHhY 43 96427 118 HYu.u4 1,285 =,111
2 Do .hYi Sle259 156U 1bh 129.42 4e01)3 41 H3.6l 118 41,25 1L.961 «1lbb
3 Sl.004 3n.924 1292 =101 207.09 He0L9Y 41 H2.91 118 45,27 1.292 -,1U2
" 18876 HU 844 13le -77 278.7o Hed99 H1 Y954 118 47.20 les17 =.0748
) D2 H23 Hi4 42596 191 19/ 351 .89 4200 41 H7.36 118 44,16 1.591 + 297
o¥ Hi3.dol 40104 1522 -71 B3.99 +U31% 41 HH.14 118 43.70 1.323 -, 072
AV 554217 MU.099 1394 142 4574%x 41 55.14 118 43,74 1.3%94 182
*¥SINATION NU. 6 EXCLUDED FROM AVERAGE RALTUS CALCULATIONS=*
aRuAar TILTS o8 DEG (129 METERS 7/ 9,19% KM) AT 227 DEG AZIMUTH
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TABLE A2a. NW NEV 2 Array Coordinates (June 9-June 13, 1977).

PROJECT: N4 NEV 2A
S1A A i { L VELZL ANZLIMUTH  HAp LATLIVUDE LUNGLITUDE ELEV DELZ
KT K1 KF 1 KF 1 DEG MLLES DEG  MIN DEG MIN KM K
L 153,107 LU2.270 44280 =.433 44,25 2.d7b 41 HSU0.37 118 48,42 1.505 =-,138
2 LY 2171 B35.520 L,57U0 -e3563 123.79 2+67Y 41 47.53 118 48,17 l.332 =,111
S 1'|'L.¢931 Ir'nflb q.q,U -.'r.‘bb 15"".6” 20790 ql '-ib.?z 118 51-0“ 1‘362 ".UBU
4 129,133 L3.THY b,120 1.35017 258,79 2.572 41 48,18 118 S35,.64 1.865 JHeS
) L59,90%  1ubd . 494 4,580 =,199 536,94 5,123 41 S1.06 118 52,18 1,396 =-,047
of  LYLl.5%2 Y.l 4,530 =,15H3 256.11 e2hY% 41 4B.48 118 S0.99Y 1.396 =-,047
NG Le42.9022 J1.09% 4,753 6H8Y 2.80%% H1 48,61 118 S0.73 l1.443 21V
¥SIAT1IUN NUe 6 EXCLUDED FROM NVERAGE RADIUS CALCULATIONS*
AiinY TLLT: 32 VEG (1697 FEET / 9,2 MILES) AT 81 DEG AZIMUTH
PRUJECT: NWNdW NEV 2A
SIA ke 1 z DELZ AZLAUTH  RAD LATLTUDE LONGITUDE ELEV DELZ
K i MEIER METLER DEG nm DLEG ™MIN UVEG MIN KM KM
| Ynanl:) 31.472 1304 -157 44,25 4,028 4l H50.57 118 48,42 1,309 =,138
2 4/.i024 23,4959 1351 =11v 123.79 {312 41 47.35 118 48,17 1,332 =,111
5 43.J6B3 2343435 l302 -7Y 184.60 &.490 41 46,22 118 51.00 l.3562 =.08U
Y 3742 27.092 18045 423 208479 4e1y40 4l 40,18 11y S3.64 1.865 423
3 Hl.42% 52499 13495 =44 336.54 H.U25 41 H1.06 118 52.18 1.396 =.0%7
[ 43.udl 27.61l0 1590 -4p 2356411 olb55% 41 48.448 118 5S0.99 1,396 -, 047
U e, 44l 274957 1442 210 hen19* 42 48,61 118 50,73 1.443 «210

«STATLIUN NUe 6 EXULUDEND FRUM AVERAGE RADIUS CALCULATIONS*

ARRAY TILT: 3.2 DEG (505 METEKS /  9.04% KM) AT

8l VEG AZIMUTH




TABLE A2b. NW ﬂﬂv 2 Array Coordinates {July 14 through July 20, 1977).

PROJECT: Nw NEV 2B

Sin A I | Z VELZ ANZLIVUTH Ay LATIIUUE LUNGITUUE ELEV DELZ
KiE T KE 1 KF | KF 1 DEG MILES DEGG  MIn VEG  MIN K1 i
L 133,049 JU2.74%6 4,280 =.45% 44,39  2.988 41 SU0.45 118 48,31 1,30 =,138

b 1o4%,274 83,928 4,370 =.369 124 .25 Z2e.074 41 47.33 1186 48,17 1.332 =.111
S llllodJU 76.11'3 'G.QYU -.263 lﬂsoll 2+80b 41 46.22 115 51.00 1'362 -.UBU
4 129,194 8,754 64,120 1587 2H8 .94 <2.092 41 48,18 118 S35,.64 1,865 JH23
o L39DYud  Lub,. 494 4,980 =,159 35%.94 S.116 41 S51.06 118 52.18 1,396 =~,.047
| ¥ l4l.542 9“0!3(]2 4.560 '0155 déﬁlqg 02'.',1* 4, ‘qdo"'b 11“ 50'99 10696 -.047

I - - - - - - - - - el - - ey - - - - -

t nvi 142,614 J1.473 Be755 EHY PR ES 4i 48,62 118 50.71 lL.443 «210
[ *SIATIVY WU, 6 EXCLUDED FRUMm AVERAGE RAUIUS CALCULATLIUNS*

AgAY TILT: 361 UEG (1640 FEET / De.67 MILES) Al 82 DEG AZLIAUTH

-zb-

PROJECT S NW NEV zB

SIn X Y Z DELZ AZLIMUTH ®AD LATL1IUDE LONGITUDE ELEV DELZ
K (] METER WMETER DEG K DEG M™MIN VEG MIN A<M KM

1 4b.d31 214317 1304 =137 44,59 4.808 41 S0.45 118 48,31 1.305 =.13b6

2l L/ad4 29.1hy 1351 =110 124 .29 4.503 41 47.35 118 48.17 1.332 -.111

3 '4$.U63 23,589 1562 -79 lt.l'.').ll u.ﬁlﬁ "‘1 45022 118 51,00 1.562 "'.UUU

t 294584 27,052 1869 es 258 .54 4.171 41 48,18 118 S3.64 1.865 J423 i
bo] hled2u 32409 1395 -456 355,94 H.U1ll4 41 S51.Up 118 S2.18 1.396 =.047
A G 43407 27.881 1442 214 heDHR2* 41 HB.62 118 50,71 1.443 « L,21U

#SIATIVN HUe & EXTLUDED FROM AVERAGE RADIUS CALCULATIONS*

ARRAY TILT: 3.1 DEG (HU0 MEVIERS / 9.12 KM) Al 82 VDEG AZIMUTH
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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;
3 NW NEV 2 vector results were calculated with reduced weighting on Station
i ' #1 (4% the normal value) and include station elevation corrections. NW NEV 2

corrections times for Stations 1-6 were, respectively: 0.000, -0.010,
0 -0.020, -0.030, and -0.030 seconds.
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TABLE Bl._ NW NEV 1 Seismicity Locations and Relative Magnitudes for Local Events ’
! ARKAY CENTEKR: LATITUDE 41 55.14 LONGITUDE Llg 43, 7*5
| o 0 B W O o g e S e, O N g O o 08 g o i e e e e
i EVENT LATLTUDE  LUNGITUULE DEPTH DIRECTLUM DISTANCE HELATLVE CUMMENTS
| DEG  MIn LEG M IiN K VEG KM MLILE MAGNITUUE
1 4y 59417 145 7,75 ? 111,48 279.0 174 .4 ? 247
2 40 3,87 116 42,81 ? 138517 230.,U0 145,48 ? 247
3 ? ? 2 223,35 ? ? ? 1
1 - 7 ? e 324 .4 ? ? ? 1
5 ? ? ? ? ? ? ? 3
6 39 99,57 118 22,32 ? 172.0 216.,0 1355,0 ? 247
/ ? ? ? 229.5 ? ? ? 21748
o ? ? ? 202,45 ? ? ? 1
] 9 40 10,06 115 7,57 ? 122.7 360.U 225,01 ? 247
1v ? ? ? 200,1 ? 7 ? 1
' 1l ? ? ? 127.7 ? ? ? 1
! A 12 41 31,12 113 28,12 ? Y5, 4 440,0 275,0 ? 2
i . 1 41 35.55 118 55,06 ? . 199,6 38.5 24,1 0.9 30647
14 ? ? ? 316,b ? ? ? 1
15 42 22 118 39,€2 ? 3.2 11.0 6.9 0.2 447
16 42 «2¥ 128 39,77 ? 29,9 11,0 6,9 0.3 447
{ 17 42 W27 118 39,72 ? 30,3 11,0 6,9 0.7 47
' 18 42  L17 118 39,51 ? $2.1 11.0 6.9 0.6 4
| 1Y 42  LU5 118 40,15 7.6 28,6 10.5 6.5 0.3 4
| 20 %3 14.23 118 9,26 ? 104,V 313,u 195,6 ? 2
i 21 4o 13 118 3V 42 ? 32,9 11,0 6.9 1.3 4
- 2e ? ? ? ? ? 7 ? 2158
J 23 4] 97.39 118 47,81 ? 306.6 7.0 4,4 -0 347
| 24 41 59,96 118 39,82 ? 32,4 1U.6 6.6 0.5 4
1 25 ? ? ? 203,4 ? ? ? 1
? COMENTSS
; 1+ TELESEISHy FREWUENCY = 2 HZ 6« CULTUKAL OR SYSTEM NOISE
| 2¢ REGIUNAL EVENTy S=P IIME > 5 7. POOR LOCATION
' 4+ LOCAL EVENTy» S=P TIME < 5 8¢ LISTANCE UNKNUWNs NO S=P TIME
| 4o UENLU SWARM EVENT
: 9¢ EAKTHQUAKE s LIMSUFFICLENT DAIA TO LUCATE
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TABLE Bl (Continued). NW NEV 1 Sei:micity Locations

- g g S o R T o g, e e T T A N e s O O e N S g, G e N O e g S NN e N e e A e e

EVENT LA LTUDE LOMNGYTUDE DEPTH ODIRECT1ON DISTANCE RELATIVE COMMENTS
Uk il VLG s Kid DEG KM MILE MAGNITULL
2ot ? ? 7 204 ,8 ? 7 7 1
2 4] 99,49 118 39,25 fed 37.6 10.2 6, 0.4 4,7
20 41 59,91 118 39,%6 7.0 34 .4 10,7 5.7 0.6 4
29 ? ? ? 326,48 ? ? ? 1
AU ? 7 ? 354,95 T ? 7 1
31 42 . 39 114 40,00 ? 28,0 11,0 6,9 0.4 4s7
Gy 42 15 118 39,45 5.0 2.6 11.0 6.9 0.5 4
sa ? 7 ? 208, 4 ? ? ? 1
i 54 41 Dl,351 116 435,42 ? 176, 4 7.1 4.4 -l 2.7
| i &S sy S2,4% 118 39,79 ? l.6 193.,0 120,6 i s 2
| s 46 41 HH.T70 118 48,52 12.5 293,6 7.2 4,5 0.4 3
1 a7 T ? ? ? 11.0 6,9 -,0 445
20 40 17,81 115 42,67 ? . 125,.4 311,0 1944 ? 2
29 ? ? ? 195, 4 ? ? 7 1
Yy 41 33.02 118 52,11 ? ) 197,93 39,0 24,4 1.1 3416
41 41 35,09 118 52,39 ? 197.9 39.0 24 .4 1.1 3+6
42 41 HY. B2 118 39,75 4,9 32.9 10,3 6.4 0.0 u
45 H1) SY.91 116 282,13 ? 127,93 231.0 1444 2.6 2
4y 42 « 30 118 40,70 heD 23,7 10,4 6,5 0.6 4
42 41 9Y.60 118 38,48 ? 41,4 11,0 6.9 0.2 4
4o ? ? ? 109,95 7 ? (4 2+8
yr h1 395,52 118 52,14 ? 1976 38,5 24,1 1.1 16107
4y 4) 34,97 118 51,487 7 196,48 39,0 24 .4 1.2 3486
| 43 by W10 118 39,35 2 33,5 11,0 6.9 143 4
| 3u 41 9H9.98 118 39,69 6.4 3047 10.4 b5 0.5 4
comMENTS
1s TELESEISHMs FREQUEMCY = 2 HZ 6« CULTURAL OR SYSTEM NOISE
2¢ REGIUJAL EVENTy S=P TIME 2> 5 7. PUOUOR LOCATIUN
4, LuLAL EVEMT. S=-P TIME < 9 B, UISIANCK UNKNOWNs NO S=P TIME
e UENMIQ SwnRiA EVENIT
e EARIHOUAKE «+ 1INSUFFICIENT DATA TO LOCATE
q i I A
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TABLE Bl (Continued). NW NEV 1 Sei.micity Locations

- e = - - o S e T T S e e R o T e R L e S e oam TR e R e e R e e

EVENT LATITUGE LUNGITUUE DEPTH ODIRECTLIUN DISTANCE RELATIVE COMMENTS
DEo  wWlll DEG MIN K DEG KM MILE MAGNITUDE
91 2 1,17 114 37,85 el 36,1 13.4 4,6 0.4 4
5< 42 10 1l 39,36 4 33,4 11,9 0,9 0.9 b AL
59 42 2,52 119 56,92 7 277,17 102,v 63,8 1.6 P
o4 42 14 118 39.42 5.0 32,8 11,0 5.9 O.4 4
55 q'l 55071 lld 52.57 ? 193.8 3800 25.8 009 3!5!7
oo ? 7 g 16,0 ? ? ? 1
L7 Es ? T 11,4 ? 7 ? 1
oy 41 59.9b 118 39,27 Bed s4,0 10.8 6,4 0.9 4
59 41 44,59 118 #9,14 ? 201,V 21,0 15,1 1.V 3
: oV 41 955,50 119 4,29 ? 281,6 29,0 18,1 1.1 3
& 6l b2 11 118 39,50 5.0 32,5 16,9 6,0 0.6 4
[ ol 43 H9.67 118 39,56 6.9 34,4 10,2 6,4 0.8 L
69 b1 59,439 118 39,72 5.8 34,6 9.8 6,1 0.9 4
sS4 1 ? ? 118,35 T ? i 4 1
60 ? ? ? ? 430.0 2b8,8 ? 2+5
(1) 42 old 118 39.‘19 6-"' 53."" 1102 7.0 0'7 4
o/ b2 W17 118 39,6 S.0 31,48 11.0 6,8 0.3 4
54 4y 7,00 115 25,u5 ? 125,7 343,0 214,4 7 2
639 ? ¢ ? 102,42 b ? ? 1
70 4 ? 7 322,89 ? 4 ? 1
71 40 53.42 116 24,64 ? 120,59 225.0 149,86 ? 2
) i 41 vI,.93 118 39,41 7.0 34,U 10,7 6,7 0.6 4
73 41 59.096 118 39,¢t6 5.0 33,2 J.4 6,1 1.0 4
74 41 59.64d 118 39,39 Heb 35.b 103 6,9 0e3 b
COMMENTS S
1« TELESEISiis FAEWUENCY = 2 H2Z 6 CULTURAL OR SYSTEM NOISE
2e¢ WCGLIUIAL EVENTY S=P 1IME 2 S 7. POUR LOCATION
3, LolnL EVENTY S=IF TIFE < 5 8¢ DISTANCE UNKNOWNsy NO $=P TIME

4o DENIU SwARM EVENT
5¢ EAKRTMHAUAKE s INSUFFICIENT DATA TO LOCATE
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TABLE Bl (Continued). NW NEV 1 Sei:micity Locations

- - - - - —-—---—------—---—----J--- ----- - P e E T pe———

EVET LATLIUDE  LUNG[ [UUE DEPTH DIRECT1ON DISTANCE  RELATIVE COMMENTS
Lk Al LDEG MIN . K1 DEG K MILE MAGNITUDE
7o 42 LU6 118 49,51 5.0 82,7 10,8 6.8 0.4 4
77 41 99,74 118 39,46 folt 34,8 10,4 6,5 0.6 4
75 41 47.26 118 38,98 ? 155,7 16,0 10,0 (8 3
7' 41 99.77 118 39,49 6.1 sS4, 4 10,4 6,9 0.5 4
) 41 50,93 118 40,50 SeU S4,1 8.5 5,3 1ed 4
sl 42 J1Y 118 39,50 S.0 32,1 11,0 6,9 0.5 4
42 41 59,71 118 40,58 Re3 27.5 9,5 6,0 0.2 4
5 41 59.65 118 89,45 646 39,9 10.5 6.4 0.5 4
a4 b2 L13 118 39,47 540 52,4 11,0 6.9 04 4
S CUMMEN IS
s Le TELESELISHs FREQUENCY = 2 HZ 6e CULTURAL OR SYSTEM WOISE
2¢ REGLUMNAL EVENT: S=P TIME > % 7« PUOOR LOCATION
3. LOLAL EVENTs S=P TIME < 5 Be DISTANCE UNKNOWNs NO S=P TIME

Ge VENLO SaNKM EVEHT
3¢ EAKTHQUAKE s INSUFFICIENT DATA TO LOCATE
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TABLE B2.  NW NEV 2 Seismicity Loca!ions and Relative Magnitudes for Local Events

ARRAY CENTER:

S TR o TP o R o S e e TR o e e T am g

LONGITUDE

EVENT LATITUDE
vy imnIn
1 . ?
Z 41 S5Y.48
3 ¢
4 ?
s ) ?
) 41 35,44
7 41 $3.07
1) 4l 33,60
9 41 D2 .06
1V ?
11 41 S55.86
12 41 HS4.U3
13 41 u4H,86
14 41 53.74
19 41 SS5.64
ie 41 54.94
17 41 4,05
10 1 33.4Y9
19 41 S4,10
20 41 D5,.80
~1 41 54,07
22 41 H4,uUb
29 41 20.Y1
zh /!
29 41 954,07

CumMENTS S
Le TELESELSHe
2e¢ HRELIOKAL EVENT
S$¢ LOUAL LVENT
4o THUUSAND CREEK EVENT
Se EARTHIUNKE «

DEG

114

120
113
119
119

118
114
114
113
113
11s
11y
119
lle
114
118
118
1148

118

MIN

7

358,27
?

9

'

10,u2
28,17
47.E0
4,09
?

50,89
51,62
45,76
51.“3
50,70
50,%0
51,348
52,67
91,095
S0,70
51,12
51,78
bl,ui
?

S51.14%

FREQUENCY a 2
S=-P > 5 SEC
S=pP .5 SEC
CEPTH FIXED Al 75 KM
INSUFFICIENT UATA TO LOCATE

LATITYUE 41

UFEPTH

K

e B B B B B N M IV

I S R R I I VIR IR VIS B

HZ

18.62

D1RECTLIUN

DEG

2U9,.2
50.2
290,86
242.8
239,86
257.5
250,6
275.6
303,86
38,5
352,08
117,9
356,38
o1
358,.5
354,7
252,4
357.4
.1
356,48
395,90
357,9
?

356.6

LONGITUDE 11n 50.71

ey R T o W R S e e o SR TR e o S oam TR e g, e R R e am o SR AR A R R AR e e e e e

- - e s W ] R R N R e T R e T S T e e e O o T e T e e e T e e e R G e e e e e e

DLISTANCE RELATIVE COHMMENTS
KM MILE MAGWI IuDL
? ? T 1+5
31.4 19,6 1.3 3
? ? 7 145
T ? T 145
7 ? ? 1+5
112,7 0.4 ) 29
“1.9 2b.2 009 2!9
85,7 V2,3 1.4 2
60.5 20,3 1.4 2
7 ? 7 1+5
o7 6,1 0.8 3.4
10.1 6.3 Oob 61“'9
10,9 6.8 0.5 3
9,5 5,9 0.6 Sey
9.3 5.8 Dok 3.4
J.8 6,1 0.6 3+4
10,1 6,3 0,9 S 4
91,2 Do, 4 1.9 2
10.35 6,4 0.5 S 4
9.? 6.1 'l].b 51“!9
10-1 6.3 005 3!“
10.1 9.3 00& 5lq
98 6,1 0.7 da 4
10.1 0.3 ? 3144549
10.1 6,3 0.6 3e449
6« CULTURAL NOISE (SONIC)
7+ POUR LUCATION
e LDISTANCE UNKNOwWNs NO S=P TIME
9, EMEFRGENT OR NOISY ARRIVALS
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EVENT

2o
27
20
24
30
31
32
33
4
b
B13]
51
S0
59
40
41
42
435
44
49
ke
C¥
4o
49
Hv

COMMENTS S

TLLESEISH,
REGLU AL EVENT
LoCaL EVERNT
fHOUSAND CREEK EVENT.
EARTHUUAKE «

1
2o
3
G
Se

LATITUUE

EF AL

S4.uU
54,6
35,59
o4, 40
oW ,20
244,38
4,0/
7
54,29
24,02
ali.4b
¥ 4

L 95,09

?
S.49
54,07
579,94
8,15
L3,85

?
.?b
57,27
05,89
54, UE

?

114
118
117
1lib
118
118
11y

118
118
119

1148

119
1148
118
119
1148

117
117
118
118

MLk

51.,t2
b1,2Y
127,97
50,04
49,76
51,36
51,78
?
SU,TH
50,46
w49 ,76
?
50,73
?
57,07
51,15
42,04
84,59
51,16
?
7,36
10,99
51,16
51,22
?

FREJUENCY a 2 HZ
S-P > 5 SEC
s« € 5 SEC

TABLE B2 (Continued). NW NEV 2 Seismicity Locations

DEPTH

?
?
?
7
?
?
?
?
2z
?
1
7
?
14
?
?
?
?
0

M R R IS M

DIRECTLON

DEG

354 .4
355,4
134 . .4
Pr )
Tl
355,1
352.9
2?"".6
359,48
358,b
247,17
1U5,.,5
599,48
224,7
288,7
456,59
174,6
333,08
396,99
206,48
121,06
124 ,2
356,92
356.”
?

CEPIH FIXED AT 7.5 KM

INSUFFICLENT DATA (0 LOCATE

DISTANCE

KM

10,0
10,0
193,.2
lu.6
10.5
10.6
11.3
?
10.5
10,0
88,6
?
9.2

?

97 .4
10,1
128,48
40,3
9.7

T
169,1
169,1
%
10,1
58,0

6« CULTURAL NOISE
7. POOR LUCATION

e
OO0 m W

s 8 & e ® 8 =

c.o ~oco0ocoo

e = e

U
F D

c

NG o
cUCcoO o (3]
=W Lg

e

[ =~
coouwdm

a * 8 @& ® =& e & & »
[N R

O

MAGNI JULE

8¢ DISTANCE UNKNOWN
9. EMERGENT OR NUISY ARRIVALS

LONGITUDE ~
DEG

RELATIVE COMMENTS
0.7 3.4
0,9 Sy 4

? 245
1.3 S 4
007 51""!9
1.3 3"‘"
0.° 3'“‘

7 215
0.4 31449
0.6 31449
1.“ 2!9

i i 6
0.2 ..’nl-l-n';!

i EN 1+5
1.5 219
0.3 31449
1.6 219
l.6 2
lnu 5!“!9

? 115:9
2.6 2

? 245
0.5 31449
0.9 Sl Y
1-0 2!9

(SONIC)

NO S=P TIME
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TABLE B2 (Continued).
EvenT LATLTUDE
Del  aln VES
51 4L 11.b63 118
He 41 Sd.6T7 147
25 41 D¥.0D 117
H4 41 34,96 118
59 7
Lo 34 5449 116
af ] 93.94 118
oY1) ?
59 40 3.0 116
6U Yy h2,79 116
th ol 41 39,55 118
T b2 ?
63 ?
COMMERMTS S
1« TELESELS#
2¢ REGIUNAL EVENT

3.
4
Se

LuCnl EVERNT«

EARTHUUAKE «

M

36,77
S,.91
Ho,us
40,69
2
Hy,81
50,93
?
2o 47
21,43
56,51
2
2

FREWUENCY o 2 HZ
S=P > 5 SEC
S$-P < 5 SEC
THUUSAMU CHEEK EVENT.

DEPTH

Ky

5
?
?
T
?
?
?
?
?
?
?
?
7

NW NEV 2 Saismicity Locations

DIRECTL1UN
DEG

16"’.1
154,0

18,95
51.6
293.5
142,4
354,¢
29643
1235.4
120,93
204 ,8
2u2,.b
3074

DEFTH FIXED AT 7.5 KW
INSUFFICIExT DATA TO LOCATE

v | 4 [P |
DISTANCE  RELATIVE
KM MLILE MAGNITUDLE
70.8 44,3 1.5
207.,7 149,8 7
99.8 62,4 1.9
17,7 11,1 0.7
? ? ?
297.6 161,0 ?
9.8 6,1 D.>
4 ? ?
241, 1°0,9 7
241,5 19,9 T
18,5 11,6 0.7
? ? ?
' 7 ?

COMMEN

6+ CULTURAL HWOISE (SUONIC)
7+ PUOR LOCATION

8+ UISTANCE UNKNOWN

9« EMEKGENT OR WUISY ARRIVALS

TS

NO S=P TIME
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TABLE B3. rﬁw NEV 1 Apparent Velocity Vector Results
EVERT : 'dayTlI:?c:L.min Dﬁﬁfﬁﬁﬁ“ KmlsecAP VEkft/sec 33&:355 E;Sl‘i\wﬁf ‘ COHMENTS . N
1 ¢ 167/19/ 2 : 111.8% 4.1  8.8% .6 29.0% 2.2 (4) + 278 173 : 2,7
2 ; 167/22/20 : 132%7% 1 6.2% 7 20,5% ? (. 1) : 230 143 : 247
3 E 168/ 2/40 : 223.3% 3.1 35.1% 1.8 115.1% 6.2 (1s) : 1 %83
4 i 168/14/57 ; 328,4% 1,3 45,3% 1.1 148.6% 3.7 (3) + 2 * 44
s i 168/19/23 ? ? ? Co) : 2 2 i
6 : 168/22/25 : 172.0% 2.2 6.5t .3  21.5% 1.0 (&) i 215 134 i 2,7
7 i 168/23/32 : 229.3% 2.3 6.5% .2 21.6%f .8 (3) 2 T i 2,1,8
8 : 169/ 2/ 1 ; 202.3% 2.2 42,5 2.1 139.4% 7.2 (3) + 2 ¥ &
9 i 169/ 6/25 5 122.7% .5 8.1t .2  26.6% .7 (2) : 360 224 : 2,7
10+ 169/10/15 : 200.1% 2.8 37.2% 1.8 122.0% 6.2 as) : 2 Y
11 ¢ 169/21/ 3 ; 127.9% 1.6 1i.6F .2 3s.at .9 (&) : 1 § 18
12 i 170/ 6/41 % 95.8%t 2,0 7.5t .2 24.8% ,8 (15) : 439 273 i 2
13 ¢ 170/10/39 E 199,6% 4.1  6.6% .4 21,7% 1.4 (15) + 38 24 i 3,6,7
14+ 170/11/57 % 316.6% 4.5 17.4% 1.0  57.1% 3.4 (1) + 1 ? i1
15 ; 170/12/ 1 & 31.2% 2 5.8% 2 19.2% 2 (1) ; 11 7 :4,7
CUMMENTS S ' .
1. TELESEISM: FREGUENCY = 2 H2Z 6+ CULTURAL OR SYSTEM NOISE
2¢ REGIUNAL EVENTy S-P TIME > 5 7. PUOR LOCATION
5+ LOCAL LVENTy $=P TIME < & 8. DISTANCE UNKNOWNy NO S=P TIME
4o DENIO Svinknm EVENT
5. EAKIHQUAKEy INSUFFICIENT DATA TO LOCATE
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TABLE B3 (Continuéd). NW NEV 1 Vecror Results

EVERT : dnyTﬁﬂtmin : biﬁfgzzgﬁ Km/secﬂp VEtft/soc tg;tggs i ﬁ;STﬁnﬁf i CGUILERTS
16 i 170/12/ 9 : 29.9% 2 5.9% 2 19..5¢ 1 (1) P 7 4,7
17 i 170/16/46 : 30.3% 2 5.,9% ? 19.6% 2 ( 1) s [ 3 T o8 kg7
18 ¢ 170/16/48 ¢ 32.1% 9.3 6.1 .9  20.0% 3.0 (7) : n P b
19+ 171/ 1/49 + 24.0% 8.3  7.2% 1.0  23.8% 3.5 (3 + 11 7 " g
20+ 171/ 8/20 i 104.0% 2.3 6.9% .4  22.7% 1.4 C7) & 313 195 i 2
21+ 171/10/22 i 32.9%11.6  6.6%f 1.1  21.9% 3.9 (15) : 14 7 :,4;

22 : 172/ 2/44 : ? - ? | ? ( 0) : ? ? : 245,8
23+ 172/ 6/ 5 i 306.6% 1 8.6% ? 28,2% ? ¢a 3 6 4 i 3,7
26+ 172/ 6/ 6 ; 32,0t 5.5 5.9 .5 19.5% 1.8 (7) ; 11 3 4
25 i 172/ 8/50 : 203.4% 6.3 37.1% 6.5 121.9%21.5 €7y ¢ 2 ? i1
26+ 172/ 9/ 9 | 204.8% 1.7 24.8% .8  81.5% 2.7 C4) 2 Y
27+ 172/23/57 ; §3.4311,0 S.5% .1 18.3t .5 (2) : 11 ER
28+ 173/ 6/ 3 ¢ 34.1%11.2  6.4% 1.0 21.1% 3.6 (as) : 11 7 &4
20+ 173/ 7/23 ¢ 326.8% 3.4 28.3% 1.3 93.0% 4.4 (15) P t i1
30 ; 173/ 8/59 ; 334.3% .3 20.1% .1 66.0%f 4 (7) ; ? ? ; 1
COMMENTS

1. TELESEISMy FREWUENCY = 2 HZ €+ CULTURAL OR SYSTEM NOISE

2, REGIUNAL EVENTy S=-P TIME > 5 7« POOKR LOCATION :

4y LUCAL EVENTy S=P TIME < & 8. DISTANCE UNKNOWNy NO $=P TIME

4o DEWIO SviaRM EVENT
5¢ EARTHOQUAKE s INSUFFICIENT DATA TO LOCATE
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TABLE B3 (Continued). NW NEV 1 Vec or Results
31 : 173/ 9/317 : 28.0% ? 6.4 7 23,0% 7 ¢ 1) o 7 &7
32 : 173/10/37 32,6 9.4 6.1% .9 20.1% 3.0 «7) : 7 P
33 : 173/12/20 Y 208.4% 3.5 26.3% 1.5  86.4% 5,2 (15) : ? ? i1
34 : 173/19/36 : 176.4% 7 7.5% ? 24,6t ? () : 6 g 2,7
35 : 174/ 0/ & ; 1,68 2,0 8.2 & 2Z7.1¥ 1.7 ¢ : 193 120 & 2
36 : 174/21/31 E 295.5%10.9 11,5% 1.6 37.8%t 5.3 (15) : 8 5 : 3
37+ 174/12/15 ? ? ? () : 1 7 % 4,5
38 174/22/23 P 125.4% 3.1 8.1% .5  26.8% 1.8 (15) : 310 193 P2
39 : 175/ 0/42 P 195.4% 4.3 46.8% 2.5 153.5% 8.3 «7N : ? ? e i
s 175/ 8/21 : 197.3% 4.6 GAE A& 20.3%F L.6 (15) i 38 24 3 3,6
41 : 175/11/17 : 197.9% 2.9 6.1t 43 203 1.2 (15) : 38 24 : 3,6
42 : 175/11/34 ; 31.8%1%.1 5.9% 1.0 19.5% 3.5 ( 3) {1 7 4
43 & 175/19/13 P 127.3% 3.3 7.4% .6 24.4% 2,1 (7) : 231 144 i 2
& 175/19/27 : 19.5%17.5 7.1% 2,0 23.3% 6.7 «7) . i 7 i 4
45 ; 175/19/51 ; §1.6% 7.3 6.4% 1.0 121.2% 3.7 ( 4) ; 11 7 ; 4
ComMmENTS

1., [ELESEISMy FREWUENCY = 2 HZ 6. CULTURAL OR SYSTEM NOISE

2. REGIUNAL EVENTy S=P TIME > 5 7. PUOR LOCATION

$e LOCAL EVENT: S=P TIME < 5 8., DLISTANCE UNKNOWNy NO S$=P TIME

4o DENIO SwWwARM EVENT

5. EARIHYUAKE, INSUFFICIENT DATA TO LOCATE -
) ‘ [ “
T R T e e e e R PR Sy N



i

TABLE B3 (C&ntihuéd). NW NEV 1 Vector Results

EVENT i dayrﬁgEmin : DEEEgEEEN Km/aecAP Vntft/sec 538:255 : g$51nng i COHMENTS
46 ¢ 176/ 1/25 _: 10943 3.9  6.3% .3 2069% 1.3 (12) : 2 7 i 2,8
47 P 176/ 1/38 ¢ 197.6% 2.7  6.2% .2 20.4% .9 C4) i 38 THE 3,6,7
48  : 176/ 1/54 i 196.8% 7.2 6.5t .5 21.4% 1.7 (1) : 38 2 3 3,6
49 ¢ 176/16/46 ¢ 33.5%11.3  6.4% 1.1 21.2% 3.7 as) : 11 -
50+ 176/17/46 : 26.9% 8.8 6.8% 1.0 22.3% 3.5 ( 3) ; 11 r s

; 51 176/18/24 ; AL 1.6  Su5t .2 182t .7 (4) : 11 7 14
< 52+ 176/18/25 : 33.4% 1 5.3% 1 1775 1 (1) ¢ 11 7 i 4,7
53+ 176/20/37 : 277.7% 3.3 7.8t .3 25.9% 1.1 sy : 101 63 1 2
sa i 176/22/ 5 ; 32,6% 9.7 6.0t .9 19.9% 3,1 (1) i 11 7t &
5SS  + 177/ 5/ 1 ¢ 198.8% 2.4  5.9% .1 19.6%f .4 ¢4y i 38 24 i 3,6,7
56 : 177/ 6/11 i 166.8% 3.5 48.3% 3.9 158.4%13.1 «7) o y 11
57+ 177/10/24 : 101.4% 2.2 11.0% .4  36.3% 1.5 (as)y : 1 ? i1
s§ i 177/11/18 ; 1118 6.5 11 2144 3.9 (asy : 11 P &b
59 i 177/14/ 4 § 201.1% 5.2 7.2t .4 23.9% 1.5 «7) P 20 13 & 3
60 : 177/15/46 E 281.,6F 3 249% 0 26.,0% .1 ( 4) ; 28 18 ; 3
COMMENTS S
1+ TELESEISM: FREWUENCY = 2 HZ 6+ CULTURAL OR SYSTEM NOISE
2¢ REGIUNAL EVENTy S-P TIME > % T« PUOR LOCATIOUN
4+ LULAL EVENT, $=P TIME < 3 8+ UISTANCE UNKNOWNy NO S=-P TIME
4o DENIU SvinkM EVENT
5. EARTHYUNKE s INSUFFICLENT DATA TO LOCATE
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TASLE B3 {Eantfhued). NW NEV 1 Vec*or Results
| 2 : : :
1 61 : 178/ 4/39 + 32.1% 9.8  6.0f .9  19.9% 3.2 (7 : o1 7 %4
; 62 i 178/ 6/11 i 33.9%11.5 6.4% 1.1 21.2t 3,7 (1S) : 11 7 4
| 63  : 178/10/39 ¢ 33.9%11.4  6.4% 1.1  21.3% 3.7 (as) : 11 5 o &
‘ 64 + 178/19/ 7 : 118.3% 5.5 10.8% .7  35.6% 2.6 (as)y : 1 # 11
? 65 : 179/ 3/42 : ? ? ? (0) : 429 267 2,5
| 66 :+ .179/ 3/48 ¢ 32.2%10.0 6.1%f 1.0 20.0% 3.3 (1) ¢ 11 oo
b 67 : 179/ 8/45 i 31.8% 9.6  6.1% .9  20.3% 3.1 (7) i 11
| ' 68 i 179/23/ 8 : 125.7% 2.7 6.0t .2 19,9t .8 C4) : 342 213 i 2
! 69 : 180/ 7/42 ; 102.2% 3.7 53.0%f 1,9 174,0% 6.5 (as)y : 1 ? i
| 70 i 180/ 8/54 i 322.8% 4.8 16.4% 1.6  54.0% 5.5 asy : 2 2 i1
E 71+ 180/19/ 9 ¢ 120.5% 4.3 6.8t .8  22.4% 2.7 ( 7) P o225 140 ;2
' 72 & 181/ 5/17 ¢ 33.5%12.3  6.4% 1.2 21.1% 4.1 (1s) : 11 7 14
t 73 ; 181/ 5/34 ; 32.2% 9.4 6.0t .9 19,9% 3,1 «7) ; 11 7 ; 4
74 : 181/ 5/42 : 36.8%10.1 6.5t ,9 21,5t 3.2 (15) : 11 7 : 4
| 75 ; 181/ 5/52 ; 37.3510.% 6.1% L& 20.3% &7 ( 3) ; 11 7 ; 4
COMMENTS S
! 1. [ELESEISM: FREWUENCY = 2 HZ 6+ CULTURAL OR SYSTEM NOISE
1 2, REGIUNAL EVENTy S=P TIMZ > 5 7. POOR LOCATION
| 4¢ LUCAL EVENTy S=P TIME < & 8. DISTANCE UNKNOWNy NO S=P TIME

DEMIO SvinRM EVENT

| Yo

S5¢ EARTHOQUAKE INSUFFICIENT DATA TO LOCATE
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TABLE B3 (Continued). NW NEV 1 Vecior Results
— TIHE : DIKECTION AP VEL No. of : DISTANCE : e
EVERT § day hr min : Azlimuth Km/scec Kft/sec Vectors : Km Mi ; COHMENTS
76 : 181/ 7/30 : 35.7% 8.6 6.1% 1.0 20.2% 3.6 C3y = i 7 : o4
77 i 181/ 7/48 : 36.5%10.5 5.8+t .8 19.2% 2.8 Ciy » 11 P @ g
78  : 182/ 3/11 : 155.7% 6.5 6.4% .7 21.0% 2.5 C7Y @ 1% 10 : 3
79  : 182/ 9/13 : 33.9%¥11.3 6.4% 1.1  21.1% 3.7 (15) : 11 ¥ i &
80 : 182/ 9/57 ¢ 34.0%11.3 6.4% 1.1 21.3% 3.7 (15) : 11 ¥ & &
81 : 182/10/ 1 : 31.9% 9.4 6.1* .9 20.0% 3.1 (7) : 11 7 i 4
82 : 182/10/22 : 42.3%¥12.8 S5.4% .1  17.9% .6 (2) : 11 7 i &4
83 : 182/10/37 : 36.7% 9.2 6.5t .9 21.5% 3.0 (15) : 11 T : ik
84 : 182/14/14 : 32.0% 9.7 6.0f .9 19.8% 3.1 ¢ ¢ 41 T ok
COMMENTS §
1. TELESEISM: FREGUENCY = 2 HZ 6. CULTURAL OR SYSTEM NOISE
2y REGIUNAL EVENTy S=P TIME > § 7. POOR LOCATION

Se
He
-1

LOCAL EVENTs S=P TIME < 5
DENLIU SwARM EVENT
EARTHQUAKE sy INSUFFICIENT DATA TO LOCATE

8. DISTANCE UNKNOWNy NO S=-P TIME




TABLE B4. N9 NEV 2 Apparent Velocicy Vector Results
EVENRT E dayjﬁﬁumin : Uiiggziﬁn Km/sccAP Vﬁtft/sec 525:355 i z;STﬁNgE : i ENES
1 i 191/ 5/23 i 209.2%20.0 26.6% 8.2  87.5%27.2 sy : 2 ? i1
2 i 191/22/38 ¢ 50.2% .& 6.0t .1  19.7% .4 (1s) : 31 19 &3
3+ 192/ 9/46 : 290.8%17.2 16.5% 5.6  Sk.4tle.S (1s)y : 7 2 i i
4 ¢ 193/ 1/44 ¢ 242.8% 4.8 10.6% 1.7  35.0% 5.7 (asy : 2 P b
S i 193/ 5/18 : 239.6% 1 5 8.7 .4  28.7% 1.4 (1s) : 1 Y
. 6 ; 193/ 6/49 ; 257.5% 3.2 7.4% oS 23u5% 1.7 (15) ; 112 70 ; 2.9
3 7 &+ 193710/ 1 & 133.4% .2 5.1t .0 16.9% .1 (7) : 41 26 1 2,9
8+ 194/10/10 : 250.6% 7.4 5.9% .9  19.6% 3.0 (1) i 83 52 & 2
9 i 194/13/19 i 275.6% 2.7 5.6t .2  18.5% .8 (7) i 80 50 & 2
10 : 196/ 2/26 ; 303.8%25.9 33.2%12.9 109.0%42.6 (1s) : 1 7 i1
11+ 196/ 3/12 & 358.5% 4.7 7.9% .5  26.1% 1.8 (15) 9 6 i 3,4
12 4 196/ 4/ 6 i 352.8% 6.4  8.24 .9  27.1% 3.1 (1) & 10 6 i 3,4,9
13 % 196/ 7/ 6 + 117.9% 4.2 6.3t .4 20.9% 1.4 (15) P10 6 +3
14 i 196/ 7/15 : 356.8% 7.2 7.8 .8 28.7% 2.7 (15) : 9 6 : 3,4
15 : 196/ 7/44 :  J1% 5.1 7.9% .6 26.1% 2.0 (1s) : 9 6 1734
: : ' | : :
| COMMENTS S
l 1. TELESEISMy FREQUENCY @ 2 HZ 6+ CULTURAL NOISE (SONIC)
2, KEGLUNAL EVENT, S=P > 5 SEC 7. POUR LUCATION
3. LOCAL EVEHTy $=P < 5 SE: de UDLSTANCE UNKNOWNy NO S=P TIME
4o [AUUSAND CREEK EVENTy DZ°TH FIXED AT 7.5 KM 9. EMERGENT OR NUISY ARRIVALS

EARTHUUAKE »

[WSUFFICLENY UATA 170 LUCATE

! D
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TABLE B4 (Continued).

NW NEV 2 Vector Results

EVENT : dayTﬁﬁEmin : Di&fﬁﬁ:gu Km/secAP vrkft/scc gg;tzﬁn : g;STnﬂgf : COMMENTS
16 : 196/ 8/ 9 : 358.5% 7.1 8.3t .8 27.5% 2.9 (15) 9 6 1 3,4
17 i 196/ 8/27 i 354.7% 6.4  8.0% .7 26.3% 2.4 (1s) : 10 6 1 3,4
18+ 196/ /37 ¢ 252.4% 3.1  5.6% .3  18.4% 1.3 (as)y : 90 56 & 2
19 196/ 8/42 ; 357.4% 5.6 8.1% .6 26.6% 2.2 (15) ; 10 G & ALk
20 ¢ 196/ 9/ 2 AF 3L TusE W3 280 142 (15) 9 6 1 349
21 i 196/ 9/ 5 ; 156.8% 3.5 8,2F W4 27.1% 1.4 (15) ; 10 & & Tk
22 i 196/ 9/25 i 355.5% 4.6  7.9% .5  26.2% 1. (15) : 10 6§ 1 3k
23+ 196/15/43 : 357.0% 5.3  7.8% .6  25.9% 2.0 (15) 9 6 1 38
24 : 196/15/45 ; ? ? ? ( 0) '; 9 6 : 265
25+ 196/15/57 : 356.6% 1.3  8.8% .2  28.9% .7 (2) : 10 & 1 FkiS
26+ 196/15/59 : 35h.4% 5.3  7.9% .6  26.2% 2.0 (1s) : 9 6 : 3,4
27+ 196/16/18 & 355.4% 5.1  8.0% .5  26.3% 1.9 (15) : 9 6 i 3,4
28+ 196/17/15 & 134.4% 2.3 6.4t .1 21.1% .6 (15) ; 193 120 ¢ 2
29 i 197/ 3/40 : 5t 5.6 7.9t .6 26.2% 2,2 (1s) : 11 7 % 3.4
30 i 197/ 3/55 ; 7.2% 8.1 9.2% .7 . 30.2% 2.6 ¢ 7) E 11 7 ; 3,4,9

COMMENTSS

Le FELESEISHMy FREDUENCY A 2 MZ 6+ CULTURAL NOISE (SUNIC)

2. REGLlUrAL EVLNTY S=P > 5 SEC 7. POUR LUCATION

3. LOCAL EVENTy S-P < 5 SE. 8. DISTANCE UNKNOUWNs NO §=P TIME
4+ [HOUSAHU CREEK EVENTy UZPIH FIXED AT 7.5 KM 9, EMERGENT OR NUISY ARRIVALS

Se

EAKTHUJAKE »

INSUFFL1CLEN?

UATA TO LOCATE




TABLE B4 (Continued)

NW NEV 2 Vector Results

-o4Y-

2e¢ REGLU AL EVENT
3. LOCAL EVENT
4o [HUUSANU CHREEK EVENT
5. EAKTUHUYAKE Yy [NSUFFICLENT UATA 10 LUCATE

S-P > 5 SEC
s=¢ < 5 SEC
VIPIH FIXED AT 7.5 KM

EERR : day hr min : Dﬁzfgﬁégn Km/sacAP ngft/sec 5:5:253 : g;STANCE : COMMERTS
il : 197/11/32 : 355.1% 6.9 .88 .7 25.9% (15) : 10 6 :
32 : 1972115 : 352.5¢ 6.2 8.0t .7 26.3% (15) : 11 7 :
33 g 197/19/ 17 : 274.8% 3,3 8.2% .5 27,12 (15) : ? ? :
34 : 198/ 5/22 : 359.8% 6.6 7.8 L4 25.9¢ (15) : 10 6 :
35 : 198/ 5/30 : 358.8% 7.6 7.8t .6 25,9% (15) : 9 6 :
36 : 198/ 9/17 : 247.7% 4.2 5.8t .5 19.2% (15) : 88 :
37 : 198/10/18 : 105.5% 2.9. 3 L0 1.3% (15) : ? :
38 : 198/11/15 : 359.8% 6.3 8.0 .7 26,5 (15) : 9 :
39 : 198/12/12 ; 2287 2.4 27.2% 1.4 89,.5% (15) : ? :
40 : 198/12/17 : 288.7%15.7 7.5% 2.5 24 ,8% (15) : 98 :
41 : 198/16/16 : 3585 5% 1.2 8.3 .9 27+3% 3.0 (15) : 11 : ’
42 : 198/17/42 : 174.6%34,2 9.6% 3.1 31.8410.2 ( 7) : 128 :
43 : 199/15/23 : 333.8% 9.7 7.2 46 23.8% 2.0 (15) : 40 :
“h 199/16/47 356.3% 6.3 7.9 .7 26.1% 2.4 (15) 9 6
45 ; 199/21/50 ; 266.8% 5.8 7.8% .9 25.8% 3.2 (15) ; ? ;
Cuwwhmls: . . .
1. (ELESEISHMy FREQUENCY @ 2 HZ CULTURAL NO1SE (SUNIC)

POOR LUCATION
DISTANCE UNKNOEN
EMERGENT OR NUISY ARRIVALS

NO S=-P TImE
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TABLE B4 (Continued).

NW NEV 2 Vector Results

TINE

DIRECTION

AP VLL

No. of

DISTANCE

EVENT ? day hr min E Azimuth Km/sec Kft/sec Vectors E Km i i COMMENTS
46+ 199/23/35 ¢ 121.6% 3.7 6.7t .3 22.2% 1.2 (15) i 169 105 : 2
47+ 199723743 i 124.2% 5.9 6.6% .5  21.7% 1.8 (15) : 169 105 : 2
48 ¢ 200/ 7/59 i 356.3% 6.3  7.9% .7 26.1% 2.4 sy : 9 6 i 3,4,9
49 ; 200/ 8/ 4 ; 356.0% 6.6 8.0% ,7 .26.4% 2.5 (7) i 10 6 i 3,4,9
50 : 200/ 8/ 9 : ? ? ? (0) ¢ 57 36 : 2,9
51 i 200/10/58 ¢ 164.1% 6.1 6.5t .5  21.6% 1.7 (15) ¢ 70 44 : 2,9
52+ 200/23/21 ¢ 134.0% 4.5  6.3% .3 20.7% 1.1 (1s) : 207 129 : 2
53 : 200/23/56 : 78,3 2 6.3 .0 26.9%:. .1 ¢ :2) : 99 62 : 2,9
s4 i 201/ 3/16 ; 51.6% 5,0 7,1t .8 23,5t 2.8 G b g 11 13,7
55 ; 201/10/43 E 293,5%16.2 20.0% 5.9 65.7%19.6 (1s) : 1 Y
56 i 201/12/52 : 142.4% 2.0  6.4% .1 21.1%f .5 (2) i 257 160 i 2,9
57+ 201/13/29 i 358.2% 4.3  8.2% .5  27.2% 1.7 (as) 9 6 1 3,4,9
s8 i 201/13/30 ; 296,3%11.1 15.3% 2.8  50.2% 9,4 sy i 2 r  §

59 i 201/23/ 7 i 123.4%312.3  8.7% 1.8 28.7% 6.1 (7) i 2641 150 i 2,9
60 ; 201/23/18 E 120.3% 4.8 5.9% .5 19.4% 1,9 (7 ; 241 150 ; 2

CUMAMENIT S

1. TELESEISM) FREQUENCY A 2 HZ 6+ CULTURAL NOISE (SUNIC)

2. HREGLlUrinL EVENTy S=P > 5 SEC 7. POOR LOCATION

3. LOCAL EVENTy $=F < 5 SE- 8. DISTANCE UNKNUWN+ NO S=P TIME

4+ [HUUSANU CREEK EVENT« DiPTH FIXED AT 7% KM 9. EMERGENT OR NUISY ARRIVALS

5. EAKTHUUAKE: INSUFFICLENT DATA [0 LOCATE




TABLE B4 (Continued). NW NEV 2 Vecutor Results

TIME DIRECTION AP VEL No. of DISTANCE

EVERT | day hr min : Azimuth Km/sec Kft/sec Vectors : Km Mi : CONMENTS
61 i 203711/ & 3 204.8% 5.6 6.4 .7 21.2% 2.3 sy : 19 12 : 3
62 : 202/12/12 : 202.8% 9.6 42.0% 7.7 137.9%25.4 (1s) : 2 T : 1,9
63 : 202/13/59 : 307.4%20.1 25.9% 6.0 85.,0%19.7 (7) 1 7 i 1,9
COMmENTSS
1e TELESEISHMy FREAUEMCY A 2 HZ 6+ CULTURAL NOISE (SONIC)
2. REGLUNAL EVENTy S=P > 5 SEC 7. POUR LUCATION
, e LOUAL EVENT: S-P < 5 SEC 8. DISTANCE UNKNUENs NO §=P TIME
e Ge [HUUSANU CREEK EVENT. OUJPTH FIXCD AT 7.5 KM 9. EMERGEMT OR NUISY ARRIVALS
! 5e LAKTHUUAKEy INSUFFICLEWI DATA (0 LOCATE
|
4 . : ' wd
------------------------IIIIIllIIlIIIlIIIIlIII-lII---------------



B U

- ..4.,11.||.|.3-1.111|I.¢.i. .x_.ﬁ.lﬂ..
Vo) SN NG

R

3 h‘ll'lf‘?ru

-

o j & .'.'..5 .

1 1 _—
) 4
L .

2

A

.
{;
40

%
T3 bl '.'r__._,-..‘ -
AT
gL
i

a2
L

e, i
o BV %
'; l&(ul«_ﬂ-ﬁ!j‘
]

HARNEY CO
A

——

-

ﬁ
R R L

& SECY AT 7 Wy o5

B

2 T . .Np. \.\.. u”..
T A - a1 70 Ty ! -
N P .”» e

-
Lt Mo el gl -

..Jql..[..', .

W =

: .,.,_u_-....vv.a .u._.... .J..h F,..
§ oy,

S i g S
REY i 4
Y . y p”..v ..... .
..J duu..?(l
'

T
i .

< T R St
- ; T e % - T IJERE .
iy ..T.W.a....lr..il\ls w
. o . &g,

IIIII

Ca e Rl FRE DS B R




1 ~ A
-

VS I dohe Ry
: ":!-,‘ 3% ,E-} v E
W S

r ..4‘ ‘%—
B o

".:; "gl
1
\.‘Li.i ’i Lk
o

s

g
N

'L
-

kg

. h;. ; ',.I .‘
- : ‘.A* ":'-' E

- -{- “:‘:
RS e ot
- 5o

o gl

(i

. I-I.1 "

> AN LA
l‘ i _I*_\‘..“d-':; u
(" Ly

S P e .
U S e,




"

v
~ "~
-
.’ ]
i
» r" .
’ .
e
<
-
. 3
W
4 T
- 4 | =
& r :
¥ 1
s
T
. 2
i
bs s
d -
oW
[}
£ L
i
L
. -
—
v )
-+
o
3
g 4 .
W
i
AL
2
by r
.
-

-y

BN NEV
o e BE W




