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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

<:§§zgzi:kaulting 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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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. :

B
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During the two short recording periods, three significant‘microearth—
qguake 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

= E"W. Peg/]

SUMMARY OF NW NEV MICROEARTHQUAKE CLUSTERS

' . : . Events

7 |
i Cluster Name ' - . Location _ ; Per Cluster
;% ‘Denio - T.47N., R.34-35E.; Sec. 19,24 ‘ -39
Cfgine Cregk ' 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 clﬁsters are shown in Figures 2, 3, and 4.
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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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FIGURE 1. NW NEV 1 and 2 station locations and epicenters for
' microearthquakes detected with both six-station. surveys.

-2-

SURVEY
AREA

NEVADA




‘mn Cim e e S S i S e e e T w—_E——

SIGNATURE RECORD I ' ‘ ' . EXPANDED RECORD

AT i'l S S —

—t f—1 sEC WwvB TIME cooe r : I” SECOND ' ' y

FIGURE 2. Denio cluster microearthquake (NW NEV 1; Event #28). Note different trace deflections_ ‘at Stations #1 and
#5; Station #1 moved downward relative to Station #5. (Trace polarities are in accordance with ground-
motion, and all traces have identical polarities as is evident from NW NEV 1 teleseismic data.)
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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.

"- E‘i %i

Apparent velocity vector mearurements, Appendix B, were used to
deduce location precisions and accuracies, to determiné 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, 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-
uity. Vp/Vs measurements from 24 Denio and Thousand Creek events indicate
Poisson's ratio within array vicinities is ~0.22. ‘

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.

i. 2 ,.i E.}'i iiii . I @‘xwi ™ E ,ﬁ'

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 n5x101 3 energy units per recording day.

‘Gl S

_ 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. BAnalog 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
expandced at two speeds for analysis: (1) signature records (0.45 cm/secc)
for reddlng WWVR and measuring relative time differences between phascs,
and (2)- expanded records (11.6 cm/scc) for tlmlng 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 MEASUREMENTS 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 loqatiéns. 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) ~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
events. NW NEV 1 results do not include correction times, whereas those
for NW 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 .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’z was particv’arly true for M 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, .and 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 practice, compensation for station delays related to these elevation
differences do not significantly affect vector results when arrays are
9 km in dldmeter. '

The NW NEV 2 station elevation range (Appéndix 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 weéighting to % the normal value. Using 16 impulsive distant

events at different azimuths - ‘for array calibration purposes, applylng
station elevation time correctlons, 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 follpwing
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‘ | Laygr over Pgl
3 6.07-6.61 19 A . 6.4 _ Granitic Layef, Pg,
4 . 6.77-7.56 10 7.2 | Pg; (?)
5 A 7.86-8.26 7 A - 8.1 ~ Layer beneaﬁh Moho, Pp
6 3./5+ 12 ‘ _ 8.8+ | véiocities >Pn

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 suite includes 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 sels were
timed by different persons, the events were at similar distances from the
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tp;s and tsj4 are the respectlve P and S arrival times at the ith station
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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, o, is 0.22 * .02 as determined. from 24 évents.

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
épicenter 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'hypothetlcal surface foci. Thuas, distances to Denio fouli, 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
Denioc 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 5 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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to assign azimuth, and an S-P distance chart derived'fof{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 distancdes 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
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 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. ‘

Ea Sie =m e Sie s SEa GE

. Wiii.- Eilll_

TABLE 3
: SUMMARY OF ASSIGNED BATTLE MOUNTAIN BLAST LOCATIONS
i : . COMrALwsD TO ACTUAL LULAWIONS ‘

Fope e

"(The directions and distances to Battle Mountain blasts take precedance
over those listed in the Appendix B Tables.)

i
4]

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

(£2

NW NEV 1 - ) NW NEV 2
% Event Observed Assigned EQent ) Observed ' Assigned
! No. Azimuth Distance, Km - No. Azimuth Distance, km
= 2 132.7° 230 ' 28% 134.40 193
3gx . 125.4° : 31 . 46* 121.6° . 169
43 '127.3° . 231 47% 124.20 169
68 125.7° 343 52% 134.00 208
z 21 . 120.5° 225 56 142.4° 258
' 57 123.4° 242
; - — 60 . 120.3¢° 242
4 Avg. 126.3+4.4° - . 268%55 Avg. ~ 128.6%8.3°  211.6%36.5
‘II Erxor -o=12.7° 423 km Erroxr ' -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 ldentlfy Denlo
microearthquakes, . and crosses follow:.ng 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
distancé assignments were large: + 23 * 55 km and -33 * 37 km for the
respective NW NEV 1 and 2 arrays. At v250-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'vectorAdirections were in erxror
by 13°. The primary point of this discussion is that array directional
accuracies were relatively good to distances of 250 km; from previous
experiénce, 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 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
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 this 1nvest1gatlon for relatlve magnitudes was:

My =-2.0 + 2.0 ldglo(r) + v.0035(A),
where Mr, T, and A are, respectively, relative magnitude, signal dura-
tion, and cplcentcr distance. Leading coefficients are Langenkamp's
(Langenkanp and Combs, 1974), and the dlstance correctlon is from Lee and

Lahr’ (1972)

Relatlve 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 relationships from six events
with magnitudes of "1.0.

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 pertaln to
larger earthquakes. Because the precise relationship is not known between
Richter's magritude 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 thh relatlve 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 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.

.Recognizing shortcomings in the relative magnitude scale, some indi-
cation of the energy released per event can be- obtalned from Richter's
magnitude-energy relatlonshlp,

log E, = 11.8 + 1.5 M.
Because M, is substituted for M, the energy, Ey is-defined in relative
units rather than ergs as Richter's precise relationship glves.

Table 4 summarizes estimates of the total energy released from each
of the three clusters and includés 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, " 2x1013 energy units per

" day. The energy calculated for Thousand Creek includes an anomalous

M, = 1.8 event (Figure 23); excluding this event from Thousand Creek energy
estimates per day, this cluster would also have released v2x10!3 energy
units per da,. The Thousani Cceek event ex.sted, and tape .ccording ceascd

" when Denio events were still occurring, Figure 22. Hence, a more reasoh-

able assumption is that energy released for each cluster was A5x1013
energy units per recording day.

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

Total Energy . Energy Released

Cluster  No. of Events No. Of Released, . . Per Day,
Per Cluster ~_Recording Days ~ _Enexgy Units = Enexrgy Units/Day

Denio 39 . 1S 3.0x10M" 2.0x10!3

Craine Creck 6 15 : 1.5x10t% . “1.ox10%3

Thousand Creek 26 - 11 ‘ - 5.2x101% V S 4.7x1013

-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 thlS 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 CEOTHERMAL
INVESTIGATIONS ‘ : :

" Krapp and Inicht (1977) .Lave shown th:% in regions vtk 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 O earthquake will occur

" if all pores fracture 51multaneously in-one cubic meter of rock ‘with 1%

por051ty. A magnltude 3.6 earthquake results from simultaneous fracture
of pores in 10°m? (diameter n.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 1n ‘a 31ngle fracture event,

and thus rcstrlct 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 act1v1ty on other areas, especially
those in the northwestern U. S. flood basalt provinces. Vertical cooling
JOlnt% are common features of basalt flows; these open fractures may per-

st 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 magnitude of the 1nduced earthqudkes may thus be
below the detectlon limit. i

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 mlcroearthquake 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 + i
0.6 km, and Thousand Creek events had nearly identical apparent velocrtles
of 8.02 + 0.14 km/eec 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).

: Appareht velocity\vedtors 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 determined 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 be filled with steam. If this is the case with the
N. W. Nevada aréa, 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 c¢lusters
m 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,
I 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. :

IR

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 provxde additional 1nforma—
tion about the shallow layer veloc1t1ea.
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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 A2b. NW NEV 2 Array Coordinates (July 14 through July 20, 1977). .

CPROJECT: Nw NEYV 28

G e T e et e S et e e e TR TR e o e e e T v o T G TP WP G R e e am M T T s e T hw 5y L, e e Sn S am om am SR TP n S ey e e B W e e e e A e M e GY W G e WE S e e Py e

ST A Y 7 DELL — AZLIMUTH  RAU LATLIUDE  LOWGITUUE ELEV © DELZ

| WET REG L KFI - KF DEG  MILES  DEG MIN  DEG  MIN - K i
L 155,548 102,746 4,280 =.459 GU.39 2,988 41 HULEY 118 48,51 1,505 =-,138
4 15%,273 83,526 4,370 =.365 124,25 2.074 41 47,35 118 48.17  1.332 =.111
3 L41.290 760719 M 470 =4265 18%.11 2.806 41 46,22 7118 51,00 1,362 -.080
G 1290193 88,754 5,120 1.3B7 258,94 2,392 41 48,15 118 53,64 1,865  ,423
5 185.90%  1Ue 494 4,580 =,150  $55.94  5.116 41 51,06 118 52,18 1,896 =, 047
b 141.842 9U.502 4,580 =.155 235,49 2914 4 40.48 116 50.99 1,396 -.047

AVG 182,610 91.475 4,755 .e8Y . Z.usSe 4i 46,62 118 50,71 1.443  ,210

#STATIUY NU. 6 EXCLUDED FROM AVERAGE RAUIUS CALCULATIUNS*

AKRAY TILT: 3.1 DEG- (1640 FEET / 9.67 MILES) AT 82 DEG AZLMUTH

PROJECT: Ml WEV 20

STA X Y Z COELZ  AZLMUTH  ®AD LATLTUDE  LOWGITUDE ELEV  'DELZ
K AM METER  METER DEG . I DEG ~ MIN DEG MIN KM . KM
L 46,851 o1.317 1804 =137 . . 44489 G.503 41 50,45 118 48.31 1,305 =-.13%
2 424 25.45% 1351 -11@ 12425 40303 41 47.33 118 48.17 1,332 =.111
4 oY¥.s8d 27,052 1865 42% 253,54 44171 41 48,18 118 S53.64%  1.865 @ 423
5 Gl.d24 . 32.499 1395 =456 3995094  S5.U14% 41 51.06 118 52.18 1,396 =.047
G*  4S.u8L 27,613 1895 ~46 233,49 7 .46Yx 41 48,48 118 50,99  1.396 ~.047
AVG 4S.467  27.881 1442 21y | he5E2+ 41 %8.62 118 5U.71 1,443,210

#STATIVN NU., b EXZTLUDED FROM AVERAGE RADIUS CALCULATIONS*

ARAAY TILT: 3.1 DEG (500 METERS / 9,12 KM) Al 82 DEG AZIMUTH -
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APPENDIX B

G

Tables Bl and B2 give locations for the events detected during the
o : - frespectivg NW NEV. 1 and 2 surveys.  Also listed are the magnitudes for
local events with $-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 thosé listed in B3 and B4. o i

ke

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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T3, LUUAL EVENTY S=P TIME < 8

ARRAY CENTEW: LATITUDE 41 S55.14

TABLE Bl.
EvenT LATLTUDE LUNGITUDE
DEG I LEG LN
1 YU 99,17 119 87,75
2 B0, 3 eud 116 42,81
3 ? ?
4 ? ?
5 . 7 ?
6 39 B9.57 118 22,352
N e : ?
& 2 7
9 40 10.U6 115 7.57
1V " ? ’
il 2N v
12 ©o41 31,12 113 28,12
16 41 38,55 118 95,06
14 ? ' 7
19 L2 22 118 59,2
le 42 W29 118 39,77
17 bo .27 118 39,7e
18 4 W17 . 118 39,51
1Y 42 JUS 118 40,15
29 43 714,25 115 5,25
21 42 W13 118 39,42
22 ? ?
25 . 4157459 118 47,81
24 41 59.96 118 39,562
29 ? 7
COMPENTS S . S
le TELESEISHMy FREWUERCY = 2 H
2. REGLUNAL EVENTs S=FP 1IME >

Yo UEMLU SWARM EVENT

K

~N

5

o e

DEG -

S5¢ EARKTHQUAKE (- 1M§UFF1CIENT DATA TO LOCATE

NW NEV I Seismicity Lo~ations and Relative Magnitudes for Local Events

CLONGITUDE 11 43474

DEPTH DIRECTLON

DISTANCE ~ RELATIVE CUMMENTS |

o TR e W o = e o TS M s = am e = o e @ T e e = Yy o T = e w Y T G wn % ey e e W T R e e WP ™ ww e r B S e v s P YT Y S e wm e e e e e

K MILE MAGNITULE
279.0  11{4.4 ? 247
230,40 143.8 ? 217
? ) ? 1
? 4 ? 1
4 ? 7 o
216,0 1553,0 ? XN
? ’ ? ? : 217
7 . ? ? 1
360.0 225,0 . 7 T 247
7 ? ? 1
o 2 ? N
40,0 275,00 7 2l
38 24,1 0.9 39647
? ? ? 1
11.0 b.3 0.2 447
11.0 6,9 0.3 4y7
11,8 69 07 Y7
11.0 6,9 0.6 4
10.5 5,5 0.3 4
313.,u 195.6 ? "2
11,0 6,9 1.3 4
7 7 7 215 8
740 4,4 -0 ST
1U.o6 6,6 0.9 4
1

~
B
-
-

6. CULTUKAL OR SYSTEM NOISE
7. POUR LOCATION , : :
8¢ UISTANCE UNKNUWNs NO S‘P'TIME
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TABLE Bl (Continued). NW NEV 1 Sei-micity Locations

EVENT

e e WP e ey oy A e A W O my A N en v vm W Y W oW A

GU .
e

4e
45

by

49
46
47
[T95)
I8
3V

Latlirune

UE (3

L}l
41

TRy

41
4y
41
40
42

41

41
41
42
%1

COMMENTSS

1o
2e
Se

Se

TELESEISH
REZEGLUNAL

I

39,91
7
?
39
015
?

51,31

bjnéq ’

55,70

7
17,61

7
35.02
55,09
59, 62
49,51

.30

4
55,52
S ,97

RV
59,98

Lotat EVENT
OEHIO SviRit EVENT . ,
EARKTHOUAKE s INSUFFICIENT DATA TO LOCATE

5Y9.60

EVENT

LONGITUDE DEPTH DIRECTLION DISTANCE
UEG MIM R DEG K MILE
.2 ? 204,86 ?. ?
118 39,25 6ed 37 .6 10.2 6
118 39,26 7.0 54 o4 10,7 5.7
B : ? 326,48 ? ?
7 . ? 354,95 e ?
118 40,00 - AN 28, U 11,0 6,9
118 39,45 5,0 32 .6 11,0 6,9
7 2 208,4% 2 ?
118 45,42 7 1764 7.1 4.4
118 39,79 ? ‘1.6 193.0 120,6
118 48,52 12.5. 293,.,6 Te2 4,5
B - ? - ? . 11,0 6.9
115 42,67 7 125,44 . 311,0 1944
: 2 _ ? 195, 4 : 7 ?
118 52,11 v 197,95 39,0 24,4
118 52,39 7 197.9 39.0 24,4
118 39,75 4,9 32.5° 10,3 6,4
116 52,13 ? 127,35 231,00 1444
118 40,70 R . 23,7 10,4 6.5
118 38,48 7 41,4 11.0° 6,9
? ' ? 109,90 -7 2
1186 52,14 ? 197.6 38,5 24,
118 51,87 7 196,68 39,0 24,
118- 39,35 7 33,5 11.0 64
118 10,4 b,

39,59 6ol 30,7

FREQUENCY = 2 HZ
S=P TIME > 5
S=-P TIME € %

RELATlVE' COMMENTS

MAGNITUDE

7. PUOR LOCATION
8e DISTANCE UNKNOWN.

EFTOORNEEN RGO N FE OGN N £ £9 1 £ F -

~

-~

(VAR N

oG &

- ° -

6. CULTURAL OR SYSTEM NOISE

w .

-
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TABLE Bl (Continued). NW NEV 1 Seiﬁmicity Locations

—-_-_._.__—..—_--..-...-—..__---——--_-——-—---——_-_-——_.......-_—-—_—-—_—-__---—_--—----_—---—--

EVERY LATITUDE LUNG ITUVE DEPTH DIRECTLON DISTANCE ~ RELATIVE COMMENTS
DEG MIn T DEG T MIN K# DEG T KM MILE MAGNTITUDE o
51 42 1,17 113 37,85 fo7 36.1 13,5 8,6 0.4 4
52 4o W10 11 39,36 33,4 11.9 65,9 0.5 G447
33 b2 2452 119 56,92 ? 277,71 102,06 63,4 1.6 2
54 42 W14 118 39,42 5,0 32,8 11.0 6,9 0.4 4
55 41 33.71 118 52,57 ? 198,86 38,0 25,8 0.9 340617
o5 ? ? ? 166,06 ? 4 ? 1
57 7 ?7 -7 101.4% 7 ? ? 1
S 41 59,96 118 39,27 - 63 4,0 10,8 6.8 0.9 .4
59 41 44,55 118 49,18 ? 201,09 21,0 13,1 1.0 ‘3
ou 41 98,50 119 4,29 ? 281,6 © 29,0 18,1 1.1 3
61 42 G111 118 39,50 5.0 32,5 10,9 6.8 “ 006 4
52 43 59.6 118 39,56 -~ 660 S 344 10,2 6.4 0.8 4
) 41 59,49 118 39,72 5.8 34,6 9.8 6,1 0.9 4
HY 7 2 L7 .0 118,58 ? ? 7 1.
55 : ? ? 4 ? S . 430.0 2b8,8 ? 215
65 42 .18 118 39,29 = 6.4 33,4 11.2 7.0 0.7 4
o/ 42 17 118 39,96 5.0 . 31,8 11.0 6,8 043 4
58 . 4y 7,00 115 25,U5 B 125,17 343,0 .214,4 7 2
59 7 7 _ 7 1u2,2 77 ? 1
70 ? ? ? 322,90 7 ?- 7 1
71 40 54,42 . 1le 24,64 4 120,55  225.0 149.6 ? 2
72 41 99,93 118 59,41 7.0 34,V 10.7 6.7 0.6 4
75 S41 59,960 118 39,€6 5.0 3.2 - g8 6.1 -1V 4
74 41 59.63 118 39,39 Hob 35.6 1043 6,5 03 4
72 42 U4 118 39,32 5.0 34,0 10.9 6.8 0e¢3 4
COMMENTS S S S ‘ : ' _
. 1. TELESEISes FREWUENCY = 2 HZ &e CULTUKAL OR SYSTEM NOISE:
2. KEGLOUAL EVENTe S=P-1IME 2 S o .~ 7. POUR LOCATION .
3, LUCAL EVENT: S=F TIME < & _ 8+ DISTANCE UNKNOWN+ NO S$=-P TIME

4o DENIU SwARM EVENT
Se EARTHIUNKE ¢ lNSUFFICILNT DATA TO LOCATE



©OEVEMT . LATLITUDE - LUNGITUUE DEPTH  DIRECTION DISTANCE  RELATIVE COMMENTS

SIACI B Y . DEG MIN . T KM ‘ DEG Kiv MLLE MAGNITUDE

7o - 4z .06 118 89,51 5.0 32,7 10.8 6.8 0.4 4
77 b1 B9, 74 118 39,46 Aol 4.8 10,4 6.5 0.6 ‘4
7o . 41 47,26 118 33,98 .7 155,7 16,0 10,0 Q.7 P
781 99,77 118 39,49 61 sS4 .4 ju,4 6.5 0.5 u
U 41 50,93 118 4uU,s0 54U 34,1 8,5 5.3 1.1 4
g1 L{“) 1Y 118 69.30 5.() 5201 11,0 6.9 0.6 oy
52 . 41 59,71 118 40,58 ° . g3 578 9. P 0 N
BSOS T KL 99.6D 118 89,80 606 5949 10,5 6.4 0.5 4
a4 4y e l3 118 39,47 5.0 32,5 11,0 6,9 04 4 -

5 ComMMEN TS ' , . , . ) _ A

T 1o TELESELSH FREQUENCY = 2 HZ : ‘ " 6. CULTURAL OR SYSTEM WOISE
2+ REGLONAL EVENT, S=P TIME > 5 , | 7. PUOR LUCATION

%, LOCAL EVENTs S=P TINME < 5 ‘ T Be DISTANCE UNKNOWNs NO S=P TINME
e DEMNID SWARMN EVENWT : '
3o EARTHOUAKE, LNSUFFICIENT DATA TO LOCATE
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TABLE B2. NW NEV 2 Seismicity Loca: ions and Relative Magnitudes for Local Events

AKRAY CENTER: LATITUUE %1 48.62  LONGITUDE 118 50,71

e W e e TN e Y ) e e R TR e TR YR e e W R W e T G g T G T e S G gy e e WS M ay o W e WP TR e e e e e e e B AE e S an TR e L e e W ST o G e S WE AR WD GE W Ny TR ST e ey v em

EVENT © LATfITUOE .- LONGITUDE CUEPTH  DIRECTLION . DLSTANCE RELATLIVE  COMMENTS
' WEG T wmIN - DEG MIN K , DEG KM MLLE  MAGNITULE - R
1 7 ‘ ? : ? 209,2 -7 ? 7 145
2 41 S9.48 - 118 33,27 -7 . 50,2 314 19,6 143 3
5 ? ‘ ? 7 290,06 - ? ? o 145
4 ? ? ? 242.8 ? ? ? 15
5 ? - 7 ? 239,.6 ? ? ? 145
& 41 35,44 120 20,02 7 257,5 112,7- 70,4 ? 219
7 41 53,07 118 28,77 ? 153.4 4149 26,2 0.9 219
8 41 33.60 119 47.60 7 250,6 85,7 22,3 1.4 2
Y 81 B2.806 119 443,59 ? 275.6 . 80.5 50,3 1.4 2
1U - ? A ? 7 © 303,88 -7 ? ? 1¢5
L 1L 41 S3.86 118 50,89 7 35845 9.7 6.1 0.8 do4
® 12 41 54.U3 118 51,62 .7 352,8 10.1 b3 Oeb 31449
1% 41 45,06 118 #4,76 ? 117.9 10.9 - 6,8 0.5 3 :
14 41 53,74 0 118 51,09 7 35648 95 5.9 0.6 5e4
19 41 58.6% 1183 50,70 7 o1 9.3 5,8 0okt 3e4
ib 41 5%.94 118 50,¢ ? 358,5 - 98 6,1 0.6 344
17 41 54,09 118 51,33 . ? 354,7 10,1 6,3 0.9 S0k
18 . 41 33.89 119 952,67 7. 252.4 90.2 06,4 1.5 2
19 41 54,10 118 91,05 7 3574 - 10,8 6,4 0.5 314
20 41- 93,86 118 50,70 ? el 9,7 5,1 065 31449
21 41 54,07 118 51,12 2. 356,8 - 10.1 8,3 J¢8 LEE
22 54,408 118 51,28 ? . 395,59 0.1 8,3 0.8 Sek
29 41 29.91 115 Bl,us ? 337,90 - 9.t 6,1 . 0.7 344
24 ! ? ? ? - 10,1 5.3 ? 3144549
25 41 54,07 118 51,14 o 356,6 10,1 6.3 0.6 34449
CUmHELN TS : 5 o . A o
Le TELESEISke FREQUENCY & 2 HZ A .6+ CULTURAL NOISE (SONIC)
Z2e REGIUWAL EVENTY S=P > 5 SEC : " 7, POUR LUCATION o
Se LOLAL EVENT: S=P < S SEC ' 8o DISTANCE UNKNOWNs NO S=P TIME

4o THUUSAND CREEK EVENTs CEPTH FIXED AT 7.5 KM 9, EMERGENT OK NUISY ARRIVALS
5e EARTHUAKE s LINSUFFICLENT UATA TO LOCATE : ' .



, ‘ | 31367 0J VIVO LNITOTA4NSNT *IRVADHLINYI *G
SIVAIHMY ASION ¥O LM3IOW3IW3 *6- WM G°L LV G3XI4 HI43Q 4 INIAT ¥IFHD ONVSNOHL *h
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TABLE B2 (Continued). NW NEV 2 S:ismicity Locations

. e e e e = e ™  m . Y= T e e T e e oy e T e gm0 TS o s e e e R AP Bm o e = oy S v o e e e W e e = . o e

EVENT LATLTUDE  LONGITUDE = DEFTH DIRECTLON - DISTANCE  RELATLVE - COMMENTS.
DES wIN - DEG . MIM KM DEG KM MALE MAGNITUDE '
51 “i 1l.83 118 36,77 ? S 164,1 70,8 44,3 1.5 2493
52 o4y duleT T 117 8,31 7 1354 ,0 207,7 129.8 7 245
93 H1 9D2.H0 117 40,05 ? 18,5 99,8 62,4 1.3 219
5 41 34,56 118 40,89 ? 51,6 17,7 11,1 0.7 507
89 - 7 7. 7 293,59 ? .7 ? 149
06 59 94,89 116 58,81 7 142,40 2597.6  161,0 ? 24549
51 43 S5.91 - 118 50,93 ? 0 3%8,2 9.8 6,1 0,5 EXERE.
98 7 _ ? 7 296.3 7. ? ? 1415
59 40 36480 116 26,47 9 12344 - 241.5 190,9 ? 2v549
~ 60 40 H2,79 . 1le 21,43 ? 120,38 241,55 190,9 7 2+5
& ol 41 59,55 118 d8e,%1 7 204 ,8 18,5 11,6 0.7 3
7 be I 7 ? 2u2,.8 77 ?7 0 11549
' 63 7 7 7 -~ 307.4 ? - 7 1¢5¢9
COMMENTSS . o . , S . o
1+ TELESELSWH, FREWUENCY o 2 HZ - 6o CULTURAL MOISE (SONIC)
2e REGLUNAL EVENT,y S=P > 5 SEC o 7. POOR LOCATION _ .
3¢ LuCAL EVENTe 8$=P < 5 SEC o 8. UISTANCE UNKNOWNy NO S$=-P TIME

Geo THOUSANU CREEK EVENTY DEFTH FIKED AT 7.5 KM 9. EMERGENT OR NOISY ARRIVALS
S5 EARTHWUAKE s INSUFFICIENT DAVA TO LOCATE- ' ' ‘



TABLE B3. NW NEV 1 Apparent Velocity Vector Results

1 % 167/19/ 2 111.8iV4.1 8.8t .6 20.08.2.2 - (&) + 278 173 2,7
L 167722720 : 132.7% 7 6.2t 2 20.5% 7 (1) ¢ 230 143 2,7
3. 1 168/ 2/40 D 223.3t 3.1 35.1% 1.8 115.1% 6.2 (15) i 2 1
4 E L68/14/57 '+ 324.4F 1.3 45.3%F 1.1 148.6% 3.7 (3 2 7 i1
5 ¢ 168/19/23 o ? 7 T (o) + 71 i
6 168/22/25 ;% 172,0t 2.2 6.5 .3 21.5% 1.0  ( 4) 3"215 134 2,7
& 7+ 168/23/32 1 229.3% 2.3 6.5t .2 21.6% .8 ¢ 3) ; ? 7 i 2,7,8
' 8 E 169/ 2/ 1 ; 202.3% 2.2 42.5% 2.1 139.4% 7.2 ( 3) §i 7 1
9 E- 169/ 6/25 + 122.7%f .5 g8.1% .2 26,6 .7 ( 2) ? ‘360' 224 2,71
10 'E 169/10/15 i_zoolli 2.8 37.2% 1.8 122.oi 6.2 (15) i 7 ? : 1
11 i 169/21/ 3 ; 127.7% 1.6 11,6t .2 38.3% .9 (4) i 7 ? 1
12 Ev 170/ 6/41 g 05.8% 2.0 7.5t .2  24.8% .8 (15) :+ 439 273 i 2
13 g. 170/10/39 ¢ 199.6% 4.1 6.6% .4  21.7% 1.4  (15) " ; 38 241 3,6,7
14 }EA 170/11/57 "316,6% 4,5 17,47 1.b 57.1% 3.4 () § 7 : i'
15 E,'17Q/12/ L :31.2% 9 5,8% 2 19,28 7 (1) ,é 11 74,7
COMMENTSS ' ’ : : L
1. TELESEISHMy FREGQUENCY = 2 HZ - 6, CULTURAL OR SYSTEM NOISE
5, REGIUNAL EVENTy S=P TIME > 5 - 7. PUOR LOCATION

3. LOCAL EVENTy $=P TIME < & - - 0 ~ ‘ 8, DISTANCE UNKNOWNy NO S=P TIME
Yo DENIO SwinaRM EVENT ' _ ‘ _ :
5, EARTHQUAKEs INSUFFICIENT DATA TU LOCATE
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TABLE B3 (Continued). XNW -NEV 1 Vecwor Results

16 170/12/'9 29.9% 2 5.9% 2 19,5% 7 (1) P11 7 4,7
17 170/16/46 30.3% 2 5.9% 7 19.6% 7 D L1 7o 6,7

18 170/16/48 32.1% 5.3 6.1%f .9 . 20.0f 3.0 (1) 11 7 v
19 171/ 1/49 24,0% 8,2 7.2% 1;0; 23.8% 3.5 . 3) 11 R

20 171/ 8/20 i 104.0% 2.8  6.9% .4~ 22.7% 1.4 ( 7) 313 195 i 2

21 171/10/22 32.9%11.6  6.6% 1.1  21.9% 3.9 (15) : 11 74

22 172/ 2/46 1 1 2 ? (o) i 2 7 i 02,5,8
23 172/ 6/ 5 P 306.6% 7 8.6T 7 28.2% 1 (1 i 6 “oi 3,7
24 172/ 6/ 6 : 32.0% 5.5 5.9% .5 19.5% 1.3 (7) 11 7.4
25 l72/38/50“'§-203,4i 6.3 37.1% 6.5+ 121,9%21,5 C7) ;7 7l

26 172/ 9/ 8 i 204.8% 1.7 24.8% .8  81.5% 2.7 ( Ly : ? ? 1
D270 5 172/23/57 ¢ 43.411.0 5.5t .1 18.3% L5 - ( 2) SRR 70 4,7
28+ 173/ 6/ 3 34.1%11.2  6.4%. 1.0, 21.1%t 3.6 (1s) : 11 7 i 4

29 173/ 7723+ 326.8% 3.4 28.3% 1.3 93.0% 4.4 (1S) : ? NI
30 173/ 8/59 & 334.3% .3 20.1% .1 66.0%f .4 O IEET 7 i1

COMMENTS S - o |
1. TELESEISMy FREWUENCY = 2 HZ €. CULTURAL OR SYSTEM NOISE
2. KEGIUNAL EVENT: S=P TIME > 5 7. PUOR LOCATION
5y LOCAL EVENTy S=P TIME < & 8, DISTANCE UNKNOWNy NO S$=P TIME
Le DEWIO SwWaRM EVENT : - _
5 0 T0 LOCATE

EAKTHOUAKE y INSUFFICLIENT DATA



_2“(_;_-

it e
S

DENLO SwiaRM EVENT
INSUFHCIFNT DATA TO LOCATE ,

DISTANCE UNKNOUWN,-

EARTHYUNKE 5

‘T i . Iii ‘Siln  “Hilm Eill y Eﬁﬁi i Gl ‘s e e cwm fEER e
TABLE B3 (Continued). NW NEV 1 Vec or Results
.EVENT dayTﬁﬁEmin ' DESE&E%SN Km/sécAP VF;}I(th/scc. ggétgﬁs fr,%;STAREE- f COMMENTS 

31 173/ 9/37 + 28.0% 7  6.4%f 7 21,0t 2 (1) o+ 11 74,7
32 i 173/10/37 32.6% 9.4 6.1%f .9 20.1% 3.0  (7) + 11 714
33 ¢ 173/12/20 @ 208.4% 3.5 26.3% 1,5 86.4% 5,2 (15) : 2 ri1
36t 173/19/36 + 176.4% 7 7.5% 2 24.6% 2 (1) 6 4 :2,7
35 i 174/ O/ & & 1.6% 2.0 8.2% .5 27.1% 1.7 (7) : 193 120 i 2
36 i 174/21/31 295.5€10.9 11.5% 1.6 37.8% 5.3 15) 8 5t 3
37 i 174/12/15 e ? 7 (o) to11 7 iays
38 L 174/22/23 i 125.4% 3.1 8.1t .5  26.8% 1.8 © (15) : 310 193 2
39t 175/ 0742"{ 195.4% 4.3 46.8% 2.5 153.5% 8.3 Cy o+ : i1
50 i 175/ 8/21 f197.3% 4.4 6.1 L4 20,1F 1.6 (15) P38 24 : 3,6
410 175/11/17 i 197.9% 2.9 6.1% .3 20.2% 1.2 (15) : 38 24 i 3,6
L2 i 175/11/36 ; 31.8E11.1  5.9% 1,0 19.5% 3.5  ( 3) T AT
43+ 175/19/13 5'127.3i 3.3 7.4% .6 24.4% 2.1 (1) 231 144 e
461 175/19/27 ¢ 19.5%17.5  7.1% 2.0 - 23.3% 6.7 ( 7) ; 117 4
L5 ; 175/19/51 K14 7.3 6.4% 1.1 21.2% 3.7 (4) : 11 7t 4
COMMENTSS , : ' : '

1, TELESEISHy FREWUENCY = 2 HZ 6+ CULTURAL OR SYSTEM NOISE

2« REGLUNAL EVENT: S=P TIME > 5 7. PUOR LOCATION '

5. LOCAL EVENTy $=P TIME < § 84 NO. $-P TIME
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TABRLE B3 (Continued). NW NEV 1 Vector Results

- e G e i e T SR e e e G e S T e S S

R

S

DENIO SwWARM EVENT

TIME < 5

46 i',176/ i/zs 109.3i'3;9 6.3% .3 20.9% 1.3 (12) i 2 ? 2;8 ,
47+ 176/ 1/38 + 197.6% 2.7  6.28 .2 20.4% .9 (&) i 38 24 ;‘3,6,7‘
48_' : 176/ 1/54 : 196.8% 7.2 6.5t .5  21,4% 1.7 7 ; 38 . 24 i 3,0
49 i 176/16/46 33.5%11.3 6.4% 1.1 21,28 3.7 (15) i 11 7 g'a
50 i 176/17/46 i 26.9% 8.8  6.8% 1.0  22.3%f 3.5  ( 3) soo1r 7 4
51 i 176/18/24 i 34.4% 1.6  S.5t .2 18.2f .7 (&) @ 11 7 P4
52+ 176/18/25 ¢ 33.4% 9 S.3% 7 17.7% 7 (1) ; 11 71 4,7
53 P 176/20/37 % 277.7% 3.3 7.8t .3 25.9% 1.1 (1s) : 101 63 i 2
sS4 ¢+ 176/22/ 5 ¢ 32.6% 9.7 6.0 .9  19.9%f 3.1 (7)) i 11 ° 7 i 4
55 i 177/ 5/ 1 + 198.8% 2.4  5.9%f .1  19.6% .4 ¢ 4) ; 38 24 ; 3,6,7
S6  + 177/ 6/11 i 166.8% 3.5 48.3%f 3,9 158.4%13.1  ( 7). T 2 i1
57 i 177/10/24 P 101.4% 2.2 11.0%f .4 36.3% 1.5 (15) i 1 Y
Css i 177/11/18 i 34.1%11.8  6.5% 1.1 21.4% 3.9 . (15) A; 11 7
59 v 177/14/ b+ 201.1% 5.2 7.2% .4 23.9% 1.5 (7 20 0 13 ; 3
60 177/15/46 ; 281.6% .3 7.9% .0 26,0t .1 ( &) 'g .28 18 % 3
COMMENTs:‘ o _ - , o
1. TELESEISMy FREWUENCY = 2 HZ 6+ CULTUKAL OR SYSTEM NOISE
24 REGIUNAL EVENT: S=P TIME > S 7. PUOR LOCATION . . -
5e LOUAL EVENTy S$=P 8. DISTANCE UNKNOWNy NO $=P TIME |

EARTHOUAKEy INSUFFICIENT DATA TO LOCATE
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TABLE B3 (Continued). NW NEV 1 Vector Results

61 P 178/ 4733 i 32.1% 9.8 6.0% .9  19.9% 3.2 (7y 11 7 w4

62 : 178/ 6/11 §1 33.9%11.5  6.4% 1.1 21.2% 3.7 (15) ; 117 ia

63 i 178/10/39 i 33.9%11.4  6.4% 1.1 . 21.3% 3.7 sy : 11 7 ia

66 1 178/19/ 7 ¢ 118.3% 5.5 10.8% .7  35,6% 2.6 sy +oo1 1 i 1
65 + 179/ 3/42 i 1 T 7 ( 0) D429 267 i 2,5

| 66 _i 179/ 3/48  § 32,2100 6.1%f 1.0  20.0% 3.3 - (7) : 11 7 i 4

o 67 179/ 8/45 :31.8% 9.6 6.1t L9 20.3F 3.1 (7y : 11 1 i4

| 68 : 179/23/ & §_125.7i 2.7 6.0f .2 19,9t .8  ( 4) o342 213 i 2
69 180/ 7/62 i 102.2% 3.7 53.0% 1.9 174.0% 6.5 (15) . 2 Pl

70+ 180/ 8/54 { 322.8% 4.8 16.4% 1.6  54.0% 5.5 (isy 2 i

71 o 180/19/ 9 D 120.5% 4.3 6.8t .8  22.4% 2.7 (7 ; 225 140 P2

72 ~§ 181/ 5/17 i 33.5%12.3  G.4% 1.2 21.1% 4.1 (asy :+ 11 7 v 4

73 i.181/ 5/36 i 32.2% 9.4 6.0f .9 19.9% 3.1 (7) i 11 7oi 4

TR § 181/ 5/42 ; 36.8*¥10.1  6.5% .9 21;5: 3.2 - (15) § S 11 7 ; 4

75 4; 181/ 5/52 ; 37.3%10.4  6.1% 1.4 20.3% 4.7 ( 3) ; 11 7 x

COMMEN TS | - ' S - o _- S
1+ TELESEISMs FREQUENCY ‘= 2 HZ | | 6+ CULTURAL OR SYSTEM NOISE
2y REGLUNAL EVENTy S~P TIMI > 5 | 7+ POOR LOCATION

3, LUCAL EVENTy S§=P TIME < 5 - . '8, DISTANCE UNKNOWNs NO S-P.TIME
4o DENIOU SWARM EVENT : S 1 o .
5, EAKTHOUAKE, INSUFFICIENT DATA TO LOCATE
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TABLE B3 (Continued). NW NEV 1 Vector Results

76 ; 181/ 7/30 & 35.7f 8.6 6.1%f 1.0 _ 20.2% 3.6 (3) 11 7 i4
77 i 181/ 7/48 : 36.5%10.5  5.8% .8  19.2%f 2.8 ( 7) : 11 7 ;44
786 182/ 3/11 : 155.7% 6.5  6.4% .7 21.0% 2.5 (7)) i 16 10 : 3
'/7'9 182/ 9/13 33.9%11.3 6.4 1,1 21,1 3.7 (15) .11 7 4
L 80 i 182/ 9/51 .+ 34.0%11.5  6.4% 1.1 21.3% 3.7 sy : 11 7 i
- 81 ; 182/10/ 1 ; 31.9% 9.4 6.1%f .9 20,0%f 3.1 . (7) : 11 74
T 82 : 182/10/22 : 42.3%f12.8 5.4t .1 17.9% .6 ( 2) _5,7_11 7 g 4
83 : 182/10/37 : 36.7f 9.2  6.5% .9 21.5% 3,0  (i5) : 11 74
84t 182/14/14 ; 32,0t 9.7 6,0t .9 - 19.8% 3.1 ( 7)"? 11 7 i 4
COMMENTS 3 : S S - o
1. TELESEISMr FREQUENCY = 2 HZ - 6. CULTURAL OR SYSTEM NOISE
2e REGIUNAL EVENTy S=P TIME > 5 _ 7+ PUOR LOCATION ’ '
5o LOCAL EVENTy S=P TIME <5 6. DISTANCE UNKNOWNy NO $=P’ TIME

4o UENIO SWARM EVENT . o
5. EARKTHRUAKEsy INSUFFICIENT DATA TO LOCATE
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TABLE B4. NW NEV 2 Apparent Velocicy Vector Results

EVERT 'dayTiﬁhmig i DiiggiggN V Km/secAP VEEEE/SQC igétgis i z£STAN§§ ' CUMMENTS
1 191/ 5/23 : 209.2%20.0 26.6% 8.2  87.5%27.2 sy -2 1
2 191/22/38 & 50.2% .8  6.0% .1 19.7% .4  (I5) : 31 19 i 3
3 192/ 9/46 §f29o.3i17gz 16.5% 5.6  S4.4%18.5  (15) : 1 - 2 1
b 193/ 1/44 i 242.8% 4.8 10.6% 1.7 35.0% 5.7 - asy 171 ia
5 193/ 5/18 & 239.6% 1 5  8.7% .4 28.7% 1.4 (15) ; 2 7 i1
6 193/ 6/49 + 257.5% 3.2 7.1 .5 23.5% 1.7 (15) : 112 70 2,9
7% 193/10/ 1+ 133.4% .2 5.1t .0 16.9% .1 ( 7),.?_ 41 260 i 2,9
§ i 194/10/10 : 250.6% 7.4  5.9% .9 19.6% 3.0  ( 7) ;83 52 2
o i 194/13/19 i 275.6% 2 7 5.6t .2 . 18.5% .8 ¢ 7) g $0 50 i 2
10+ 196/ 2/26 : 303.8%25.9 33,2%£12.9 109.0%42,6  (15) foor Y
11+ 196/ 3/12 : 358.5% 4.7  7.9% .5  26.1% 1.8 (1) :+ 9 . 6 -
12 i 196/ 4/ 6 i 352.8% 6.4 8.2% .9 27.1% 3.1 (7)) t 10 6 i 3,6,9
13 : 106/ 7/ 6 ¢ 117.9% 4.2 6.3% .4 S 20.9% 1.4 (15) ; 10 . 6 -
14 i 196/ 7/15 356.8% 7.2 7.8t .8 25.7% 2.7 C(1s) } 9 6 3,4
15 L1967 7744 ; C.lE 5.1 7.9% L6 26.1% 2,0 (15) i 9 6 i 3,4
COAMENTS o o | o | o
1. TELESEISHM, FREQUEWCY A 2 HZ = 6o CULTURAL NOISE (SONIC)
20 KEGLUNAL EVENTy $-P > 6 SEC - 7« POUR LUCATION

3. LOCAL EVENT. 8-P < 5 SE: - 8¢ DISTANCE UNKNOWN+ NO S=P TIME -
4o fAVUSAND CREEK EVENT, DZ2TH FIXED AT 7.5 KM 9, EMERGENT OR NUISY ARRIVALS ‘
5+ EARTHUUAKE s [NSUFFICLENT DATA 10 LOCATE . : o




TABLE B4 (Continued). NW NEV 2 Vector Results

16 i 196/ 8/ 9 -; 358.5% 7.1  8.3% .8  27.5% 2,9  (15) ; 9 6 i34
17+ 196/ 8/27 ¢ 354.7% 6.4  8.0% .7 26.3t 2.4  (15) i 10 IRER
18 L1967 8737 252.4% 3.1 5.6% .3 18.4% 1.3 (15) %7 90 56 1 2
19 i 196/ 8/42 : 357.4% 5.6 8.1%f .6 26.6%f 2.2 (15) : 10 N
20+ 196/ 9/ 2 : % 3.1 7.9% .3 26.0% 1.2 (15) : -9 6 3,4,9
21 i 196/ 9/ 5 é 356.8% 3.5  8.2% .4 27.1% 1.4 (15) ; 10 6 3,4
b 22 ; 196/ 9/25 E 355.5% 4.6 7.9% .5 26.2% 1.7 (15) % 10 6 : 3,4
g 23+ 196/15/43 : 357.0% 5.3 © 7.8% .6 25,9t 2.0  (15) 9 6 i 3,4
24 i 196/15/45 B ? 0 9 6 : 3,4,5
25 i 196/15/57 ; 356.6% 1.3 8.8% .2 28,9t .7 (2) : 10. 6 L 3,4,9
26 ©196/15/59 : 354.4% 5.3 7.9% .6  26.2% 2.0 . (15) : 9 6 : 3.4
27 i 196/16/18 ;,355.41'5.1 8.0% .5  26.3f 1.9  (15) : 9 6 i 3,4
28 i 196/17/15 P134.4% 2,3 6.4 .1 21.1% .6 (15) vé 193 120 i 2
20 i 197/ 3/40 st 5.6 7.9t .6 26.2%f 2.2 (15) : 11 .7 ; 3,4
30 ; 197/ 3/s5 :  7.2% 8.1 9.2 .7 30.2f 2.6 (7) : 11 7 % 03,4,9
CUMMENTS S . - o ' :
1. TELESEISH, FREJUENCY A 2 MZ o 6+ CULTURAL NUISE (SONIC)
2. REGLUMAL EVUENTY §=P > 5 StC 7. POUR LUCATION
3. LOCAL EVENTy S-F < 5 SE. - 8¢ DISTANCE UNKNOWNe NO S=P TIME

4o [HUUSAMNU CREEK EVENT. UIPTH FIXED AT 7.5 KM 9o EMERGENT OR NUISY ARRIVALS
5. EAKTHUUAKE ¢ INSUFFLICLENT DATA TO LOCATE ' - . ‘
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TABLE B4 (Continued) NW NEV 2 Vector Results

5. EAKTHUMAKEs [NSUFFICLENT DATA [0 LOCATE

31 ‘? 197/11/32 §'355.ii 6.9  7.8% .7 . 25.9% 2.6 (15) i 10 6 : 3,4
32 197/12/15 ¢ 352.5% 6.2 8.0% .7  26.3%f 2.3 (15) . 11 7 j 3,4
33 ¢ 197/19/ 7 i 274.8% 3.3 8.2% .5  27.1% 1.7 (15) P 7 2
36 ¢ 198/ 5/22 i 359.8% 6.6  7.8% .4  25.9% 1.6 (15) : 10 6 P3,4,9
35 i» 198/ 5/30 358.8% 7.6  7.8% .6  25.9% 2.1 sy : 9 6 t3,4,9
36 i 198/ 9/17 ;1247;7i 4.2 5.8t .5 19.2% 1.9  (15) : 88 - 55 :2,9
37 & 198/10/18 : 105.5% 2.9 3 L0 1.3t L1 as) i 2 AN
38+ 198/11/15 & 359.8% 6.3  8.0% .7  26.5% 2.5  (15) i 9 6 3,4,9
39 i 198/12/12 i 226.7% 2.4 27.2% 1.4 89.5% 4,7 (15) ? SRR
50 i 198/12/17 ; 288.715.7  7.5% 2.5 24.8% 8.2 1s) : 98 61 : 2,9
41 ¢ 198/16/16 t 356.5% 7.7 8.3t .9 27.3% 3,0  (15) ST P 3,4,9
42 1 198/17/42 P 174.6%34.2  9.6% 3.1 31.8t10.2  ( 7) G o128 80 i 2,9
43+ 199/15/23 : 333.8% 9.7 7.2% .6  23.8% 2.0  (15) : 40 25 .i 2
44 i 199/16/47 ;.356.3i 6.3  7.9% .7  26.1% 2.4 (15) ; 9 6 ; 3,4,9
45 1 199/21/50 : 266.8% 5.6 7.8t .9  25.8% 3,2 (15) & 2 2 ; 1,9
COMPENT S : o | N ) o a
1. [ELESEISH: FREQUEWCY & 2 HZ 6+ CULTURAL NOISE (SUNIC)
2o REGLUNAL EVENTY S=P > 5 SEC 7. POOR LUCATION . :
5. LOCAL EVENTy $=P < 5 SEC 8o DISTANCE UNKNOKNs NO S-P TIME
Ge (HUUSANU CREEK EVENWNTe UIPTH FIXED AT 7.5 KM 9o EMERGENT OR NUISY ARRIVALS
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-TABLE B4 (Continued).

NW NEV 2 Vector Results -
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LoCnb EVENT s

[HUUSANU CREEX EVENWNT

s=t < 5 SE°

8.
UilPTH FIXED AT 7+% KM . 9.

EARTHUUAKE » INSUFFICIENT DATA TO LOCATE.

EVENT dayTiiEmin Diig;iigN Km/secAP V.Evllift/sciac 5Z;t%£s i '2£STANEE' COMHENTS
46 199/23/35 : 121.6% 3.7 6.7 .3 22.2% 1.2 (1s) + 169 105 ; 2
47 199/23/63 : 124.2% 5.9 6.6% .5  21.7% 1.8 sy o+ 169 105 i 2
48 200/ 7/59 i 356.3% 6.3 7.9t .7  26.1% 2.4 (15) 9. 6 : 3,4,9
49 200/ 8/ 4 i 356.0% 6.6 8.0%f .7  26.4% 2,5 (7) + 10 6 3'3,4,9
50 200/ 8/ 9 7 7 | ? 0y i 57 36 2,9
51 200/10/58 ¢ 164.1% 6.1  6.5% LS 21.6% 1.7 (15) : 70 44 i 2,9
52 200/23/21 P 134.0% 4.5 6.3% .3 20.7% 1.1 (15) + 207 129 :.2
53 200/23/56 P 78.3% .2 6.3t .0 20.9% .1 7) 99 62 : 2,9
54 201/ 3/16 i S1.6% 5,0 7.1% .8  23.5% 2.8 (b7 11 P 3,7
55 201/10/43 -; 293,5%16.2 20.0% 5.9  65.7%19.6 (15) i 2 ? ;'1
56 201/12/52 i 142.4% 2.0 6.4% .1 21,1t .5 C2) 257 160 : 2,9
57 201/13/29 ; 358,2% 4.3  8.2% .5 S 27.2% 1.7 (15) § 9 .6 §'5,4,9
58 201/13/30 : 296.3%¥11.1 15.3% 2,8  50.2% 9,4 (15) R
59 i 201/23/ 7 : 123.4%12.3  8.7% 1.8  28.7% 6.1  ( 7) 241 150 ; 2,9
60 : 201/23/18 P 120.3% 4.8 5.9% 05 19.4% 1.9 ((7) i 241 150 2
COMMENTS S _ ' R .
1. TELESEISH, FREQUENCY A 2 HZ 6+ CULTURAL NOISE (SONIC)
T2, REGLUMAL EVENTyY S~P > 5 SEC 7. POOR LOCATION

DISTANCE UNKNUWNy NO S=P TIME
EMERGENT OR NUISY ARRIVALS
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TABLE B4 (Continued).

'NW NEV 2 Vector Results

- Ciln ‘iam n ‘Gie e Cais “Sa -um CEs FE

EVENT

DIRECTION

day hr min Azimuth

AP VEL

Kft/sec

No. of ¢ DISTANCE : COMMENTS

61
62

63

co

1
2
3
I
5

202/11/ &
202/12/12

202/13/59 25,9t 6,0

: 307.4%20.1

HMERTS Y
TLELESEISH
REGIUNAL

FREQUENCY a 2 HZ
S=P > % SEC
EVENTY 8= < B SEC

[HUUSAND CREEK EVENT
EARTHUUAKE Y INSUFFICLENT UDATA (O LOCATE

FIXED AT. 7% KM

21.2% 2.3
137.9%25.4
85.0%19.7

6
7o
4o
Aa'

Vectors : Km Mi
(1s)y i 19 12 @ 3
(15) : 2 7 11,9
(7)Y o+ 2 7+ 01,9

CULTURAL NOISE (SONIC)

POOR LOCATION

DISTANCE UNKNOWNs NO S=P TImE
EMERGENT OR NUISY ARRIVALS




